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 1 
INTRODUCTION 
Generally, fruits and vegetables are the natural source of antioxidant components 
such as flavonoids, flavonolignans, tannins, coumarins, lignans, curcuminoids, phenolic 
acids, and their derivatives, and show high antioxidant activity (Cao et al., 1998a; Cao et 
al., 1998b; Potterat, 1997; Wang et al., 1996). Antioxidants in fruits and vegetables are 
very important for human health because of the large amounts intake. It is known that 
phenolic compounds in fruits are potent inhibitors against oxidation of low-density 
lipoprotein (LDL) in vitro (Meyer et al., 1997). Another study has shown that high intake 
of fruits and vegetables contribute to a significant increase of antioxidant activity of 
human plasma (Cao et al., 1998a). It is also reported that serum antioxidant efficiency 
was enhanced by intake of strawberry and spinach in elderly women (Cao et al., 1998b). 
Antioxidant activity of fruits correlates to their total contents of phenolic compounds 
(Wang and Lin, 2000; Kalt et al., 1999), and some kinds of fruits such as strawberry, 
plum, orange, and grapefruit show high antioxidant activity (Wang et al., 1996). In 
addition, antioxidant activity of prunes was the highest, followed by raisin, blueberry, 
blackberry, strawberry, raspberry, and other fruits and vegetables on the basis of the 
oxygen radical absorbance capacity (ORAC) (Agricultural Research Service, 1999).  
Prunes are the dried fruits of some cultivars of Prunus domestica L. that originated 
from the Caucasus region in Western Asia. They belong to the Rosaceae family and are 
one of the species of plums. Generally, plums are the fruits of genus Prunus, such as 
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Prunus domestica, P. salicina, P. subcordiata, and P. insititia (Pijpers et al., 1986). 
Among P. domestica, so-called prunes are the dried fruits of some cultivars of P. 
domestica that are available for making dried fruits, and these cultivars are called 
“prune-making plums”. 
Prunes have been used medicinally in India in combination with other drugs for the 
treatment of leukorrhoea, irregular menstruation, and debility following miscarriage 
(Chopra et al., 1956). In earlier studies concerning prunes, high intake of dietary fiber in 
prunes lowered LDL cholesterol level in human plasma (Tinker et al., 1991) as well as 
plasma and liver lipids in rats (Tinker et al., 1994). It was also reported that prune intake 
was observed to induce bone formation in postmenopausal women (Arjmandi et al., 
2002), improve the bone mineral density loss (Arjmandi et al., 1999; Deyhim et al., 
1999) and ovariectomy-induced hypercholesterolemia (Edralin et al., 2000) in rats. 
Furthermore, the laxative effect of prunes for human seems to be dependent on their high 
content of sorbitol (Stacewicz-Sapuntzakis et al., 2001), prunes are an important source 
of boron which is postulated to play a role in prevention of osteoporosis (Naghii et al., 
1996), and an ethanol extract of prunes showed antiemetic action against emesis induced 
by apomorphine in dogs (Qurechi et al., 1988). In recent years, prunes have been 
recognized as healthy food (Stacewicz-Sapuntzakis et al., 2001). 
Concerning the chemical constituents of P. domestica L., domesticoside 
(2-O--D-glucopyranosyl-4-O-methylphloracetophenone) was isolated from the bark 
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(Nagarajan and Parmar, 1977). Isosakuranetin, prudomestin, dihydrokaempferide, 
naringenin, 3,5,7-trihydroxy-8,4-dimethoxyflavanone, 5,7,4-trihydroxy-3-methoxy- 
flavanone, and 3,5,7-trihydroxy-6,4-dimethoxyflavanone were isolated from the 
heartwood (Parmar et al., 1992; Figure 1), and several glycosides of kaempferol and 
quercetin were detected in the leaves and fruits (Henning and Herrmann, 1980; Figure 1). 
Hexanal, (E)-2-hexenal, butyl acetate, butyl butyrate and other compounds were found as 
aroma compounds of unprocessed prune-making plums (Horvat et al., 1992), and furfural, 
benzaldehyde, ethyl cinnamate were obtained as flavor components of prunes 
(Moutounet et al., 1975).  
As described above, prunes show high antioxidant activity and contain many kinds 
of phenolics (Fang et al., 2002), predominant components of which are caffeoylquinic 
acid (CQA) isomers (Donovan et al., 1998; Raynal et al., 1989). However, there are only 
a few papers on the quantitative analysis of these isomers in Prunes domestica L. In 
exocarp and pulp of fresh prune-making plums, the amount of neochlorogenic acid 
(3-O-caffeoylquinic acid, 3-CQA; Figure 2) was about half of the total phenolic 
compounds (Raynal et al., 1989). It is also reported that 3-CQA was a major 
hydroxycinnamate (541 mg/kg) in the edible portion of plums followed by chlorogenic 
acid (5-O-caffeoylquinic acid, 5-CQA; Figure 2) at 73 mg/kg, and cryptochlorogenic 
acid (4-O-caffeoylquinic acid, 4-CQA; Figure 2) at 9 mg/kg (Herrmann, 1989). Möller 
and Herrmann (1983) also detected 88-731 mg of 3-CQA, 15-129 mg of 5-CQA, and 56 
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mg of 4-CQA in 1kg of fresh plums. However, as described above, plums consist of 
some species and both papers did not specify which species of plum was used for 
analysis, regardless fresh or dried. Recently, Donovan et al. (1998) detected 1,300 mg of 
3-CQA and 430 mg of 5-CQA in 1 kg of prunes, respectively; however, 4-CQA was not 
reported in their paper. 
Concerning the antioxidant activity of CQA isomers, 5-CQA is recognized to be an 
antioxidant for human LDL (Rice-Evance et al., 1996; Nardini et al., 1995), a scavenger 
for reactive oxygen and nitrogen species (Kono et al., 1997), and an inhibitor against 
formation of conjugated diene from linoleic acid oxidation (Morishita and Kido, 1995). 
Antioxidant activity of 5-CQA is higher than those of vitamin C and vitamin E on the 
basis of the Trolox equivalent antioxidant activity (TEAC) (Rice-Evance et al., 1997). 
Hence, it is expected that other CQA isomers such as 3-CQA and 4-CQA also show 
antioxidant activity. 
The contribution of CQA isomers to the antioxidant activity of prunes has not been 
proved in earlier papers. In recent studies, the total phenolics of fruits and vegetables 
were measured for sum of free and conjugated phenolics by hydrolysis method (Vinson 
et al, 2001; Vinson et al., 1998). It is known that ORAC of fruits and vegetables strongly 
correlate to their total phenolics (Prior and Cao, 1999a; Prior and Cao, 1999b). The 
ORAC and the total phenolics of prunes have been evaluated only for water soluble 
fractions; hence, it is required to eliminate the antioxidant activity of whole fruits of 
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prunes. 
Concerning the organic acids in prunes and prune-making plums, it was reported 
that predominant organic acid is malic acid and its concentration is about 0.4 g/100 g of 
edible portion of fruits; while, the content of quinic acid was lower (0.2 g/100 g) than 
that of malic acid (De Moura and Dostal, 1965; Fernandez-Flores et al., 1970; Puech and 
Jouret, 1974). However, van Gorsel et al. (1992) reported that quinic acid concentration 
of prune juice, which was water extract of prunes and diluted about 5-fold, was as high 
as 0.7 g/100 g. Therefore, the content of quinic acid in prunes is unclear in these earlier 
studies. It is known that quinic acid is converted to hippuric acid via benzoic acid in 
human (Williams, 1971; Figure 3). Some investigators suggested that intake of qunic 
acid acidifies human urine by means of hippuric acid and prevents bacterial overgrowth 
of urinary tract infections (Schults, 1984). Therefore, if prunes contain large amounts of 
quinic acid, it might be useful to intake them for treatment and prevention of such 
urinary diseases. 
In the present study on the functional components in prunes, the contents of CQA 
isomers and organic acid such as quinic acid were elucidated by means of HPLC analysis. 
In addition, the contribution of caffeoylquinic acid isomers to the antioxidant activity of 
prunes was also revealed on the basis of ORAC. Furthermore, isolation, structural 
elucidation, and antioxidant activity of prune components are also described. 
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Figure 1.  Chemical structures of some constituents identified in Prunus domestica L. 
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Figure 2.  Structures of caffeoylquinic acid isomers 
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MAIN ISSUE 
I.  Quantification of functional components in prunes by HPLC analysis 
1.  Caffeoylquinic acid isomers 
Some investigators reported that plums contain small amount of 4-CQA (Herrmann, 
1989; Möller and Herrmann, 1983); however, both papers did not specify which species 
of plum was analyzed. Recently, Donovan et al. (1998) quantified 3-CQA and 5-CQA in 
prunes, but they did not report the presence of 4-CQA. 
To clarify the contents of CQA isomers in prunes, HPLC analysis was carried out 
according to a method described in an earlier paper (Donovan et al., 1998). In their 
HPLC conditions, 3-CQA, 5-CQA, caffeic acid, p-coumaric acid, and rutin were detected 
in prunes. When the authentic standards were subjected to the HPLC, 4-CQA and caffeic 
acid appeared at the same retention time and showed a completely overlapped peak. 
Hence, HPLC conditions were improved with several trials to separate these components, 
and each peak was completely resolved into 4-CQA and caffeic acid as shown in Figure 
4. 
These phenolics in 4 lots of prunes were measured with these modified HPLC 
conditions and the analytical data are shown in Table 1. The total contents of phenolic 
components in prunes were 1,596  1,920 mg/kg in different lots. The predominant 
compound was 3-CQA, followed by 4-CQA, 5-CQA, and caffeic acid in all lots tested. 
p-Coumaric acid was not detected in lot no.1, and rutin was detected only in lot no.4. In 
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these results, prunes contained 3-CQA, 4-CQA and 5-CQA in the ratio 77.7:18.4:3.9, 
respectively (calculated based on the mean values of 4 lots of prunes as shown in Table 
1). This result was apparently different from that of plums in an earlier paper (87:1:12, 
estimated from Herrmann’s study, 1989). 
In an earlier study of other stone fruits, cherries contained 3-CQA and 
3-O-p-coumaloylquinic acid as major hydroxycinnamates, followed by 5-CQA and other 
subordinate compounds like 4-CQA. In apricots and peaches, 3-CQA and 5-CQA were 
predominant and other components were slight. In the pome fruits, apples and pears 
contained principally 5-CQA with other minor compounds (Möller and Herrmann, 1983). 
Concerning these stone and pome fruits, only cherries contained 4-CQA as a minor 
component; therefore, the content of 4-CQA in prunes is fairly high. 
It was supposed that a high amount of 4-CQA was obtained by isomerization among 
CQA isomers, because a previous study found that isomerization of some plant 
components occurred during the extraction with protic solvent (Nakatani et al., 1991). To 
confirm whether isomerization of prune components occurred or not during the 
extraction with MeOH, prunes were extracted with acetone and the amount of CQA 
isomers were measured by HPLC analysis. The content ratio of 3-CQA:4-CQA:5-CQA 
in acetone extract was 77.5:18.6:3.9, indicating no difference from that in MeOH extract. 
On the basis of these results, prunes contained relatively high amount of 4-CQA and it 
was characteristic. 
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Figure 4.  HPLC chromatograms of standards and MeOH extract of prunes 
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Table 1  Contents of the phenolic components in prunes 
 
 lot no.1 lot no.2 lot no.3 lot no.4 
 (n=3) (n=3) (n=3) (n=3) 
 
3-O-caffeoylquinic acid (3-CQA) 1,228 ± 8
a
 1,233 ± 13 1,485 ± 15 1,372 ± 41 
4-O-caffeoylquinic acid (4-CQA) 288 ± 4 322 ± 6 289 ± 6 351 ± 17 
5-O-caffeoylquinic acid (5-CQA) 53 ± 2 59 ± 1 77 ± 1 77 ± 2 
caffeic acid 26 ± 1 25 ± 1 23 ± 1 28 ± 1 
p-coumaric acid nd
b
 28 ± 0  ± 1 29 ± 1 
rutin nd nd nd 65 ± 1 
total 1,596  12 1,666  20 1,894  21 1,920  58 
 
a
 Data are expressed as the mean values ± the standard deviations (mg/kg in edible 
fruit).  
b
 nd, not detected. 
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2.  Organic acids 
(1)  Examination of extracting conditions 
Quantification of organic acids with repeated extraction.  To clarify the 
contents of organic acids such as malic acid and quinic acid in prunes, HPLC analysis 
was carried out. In earlier studies, most of investigators measured organic acids by HPLC 
with a UV detector (Perez et al., 1997; Rodrigez et al., 1992; Tuji et al., 1985); however, 
quinic acid and malic acid do not have specific absorption maximum of UV. In this study, 
an HPLC system that has an ion exclusion chromatograph equipped with an 
electroconductivity detector was used with the post-column pH-buffered method. This 
system was suitable for separation of organic acid, and capable of selective detection of 
ionic substances. Figure 5 shows typical HPLC chromatograms of standard quinic acid 
and malic acid, and extract of prune-making plums. 
In earlier papers, organic acids such as citric acid, malic acid, or quinic acid in 
various fruits were extracted with MeOH, aqueous ethanol, or H2O at lower or room 
temperature (Fernandez-Flores et al, 1970; Perez et al., 1997; Rodriguez et al., 1992; Tuji 
et al., 1985; Wills et al., 1983). According to these studies, extraction of organic acids in 
prunes and prune-making plums were carried out with 90% EtOH by repeated extractions 
(19 times) at room temperature, and quantified these acids by HPLC analysis with the 
systems described above. Content of quinic acid in the first extract of prunes was 1.1 
g/100 g of edible portion of prunes, and the total content of quinic acid obtained by 7 
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times extractions was 3.3 g/100 g. Further extractions (total 19 times) led to increase the 
total amount of quinic acid in prunes to 3.8 g/100 g. On the other hand, content of malic 
acid in first extract was 0.34 g/100 g, and 0.91 g/100 g in the total 19 extracts, 
respectively (Table 2). Prune-making plums showed similar tendency, and the total 19 
times extractions were required to obtain 0.81 g/100 g of quinic acid and 0.21 g/100 g of 
malic acid. The yield of organic acids in repeated extractions decreased step by step; 
however, the amounts of these acids remained in each extract were not negligible. These 
results suggested that it is difficult to extract completely quinic acid and malic acid in 
prunes and prune-making plums, and recovery of these acids might be insufficient in 
these extracting conditions. 
Improvement of extracting conditions.  Repeated extractions with 90% EtOH at 
room temperature seemed to be insufficient to extract all of organic acids; hence, 
extraction with 50% aqueous MeOH under refluxing was carried out. Five times 
extractions with 50% MeOH under refluxing showed the yield of quinic acid as 3.20 
g/100 g of edible portion of prunes in first extract, and 4.30 g/100 g in the total extracts 
(Table 3). The total content of quinic acid was higher than the value obtained with 90% 
ethanol by 19 times repeated extractions at room temperature (Table 2). Under the same 
refluxing conditions, prune-making plums also showed higher yield of quinic acid as 
0.83 g/100 g in the first extract, and 1.1 g/100 g in the total 5 times extracts. The content 
of malic acid showed similar tendency and the total contents of this compound were 1.1 
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g/100 g of prunes and 0.25 g/100 g of prune-making plums, each of which was higher 
than the value obtained with 90% ethanol by repeated extractions. The contents of quinic 
acid and malic acid in each 4th and 5th extract were slight; hence, it was suggested that 
most of organic acids in prunes and prune-making plums were recovered by 3 times 
extractions in these conditions. It was revealed that 3 times extraction with 50% MeOH 
under refluxing was sufficient to extract organic acids in prunes and prune-making plums 
for quantification of these components. 
Effect of refluxing on quinic acid esters.  It is known that prunes contain large 
amounts of CQA isomers (Donovan et al., 1998; Raynel et al., 1989), which are esters of 
quinic acid with caffeoyl group. Generally, these esters are easily hydrolyzed to give free 
quinic acid and caffeic acid, and this cleavage might occur under refluxing condition to 
show excess quantified value of quinic acid. To confirm this prediction, chlorogenic acid 
(65 mg) was added to 5.0 g of prune-making plums powder, and quinic acid was 
extracted 3 times with 50% MeOH under refluxing. As shown in Table 4, the content of 
quinic acid obtained under refluxing was exactly the same amount as 1.10 g/100 g of 
prune-making plums, regardless chlorogenic acid was added or not. Hence, it was 
clarified that quinic acid esters such as chlorogenic acid in prunes had no influence on 
quantified value of quinic acid obtained in these extracting conditions. 
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A, standards (quinic acid, 80ppm; malic acid, 20ppm);  B, prune-making plums;  
peak identification: 1, quinic acid; 2, malic acid 
 
Figure 5.  HPLC chromatograms of standards and extract of prune-making plums 
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Table 2.  Quinic acid and malic acid contents obtained by repeated extraction with 90% EtOH 
sample organic acids 
contents (g/100g) 
1st 4th 7th total of 7 times total of 19 times 
Prunes 
quinic acid 1.10 0.32 0.02 3.30 3.80 
malic acid 0.34 0.06 0.04 0.78 0.91 
prune-making plums 
quinic acid 0.13 0.10 0.06 0.61 0.81 
malic acid 0.06 0.02 0.01 0.16 0.21 
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Table 3.  Quinic acid and malic acid contents obtained under refluxing with 50% MeOH 
sample organic acids 
contents (g/100g) 
1st  2nd 3rd 4th 5
th
 total of 5 times 
prunes 
quinic acid 3.20 0.83 0.23 0.02 nd
a
 4.30 
malic acid 0.90 0.15 0.02 nd Nd 1.10 
prune-making plums 
quinic acid 0.83 0.25 0.02 nd Nd 1.10 
malic acid 0.25 0.04 nd nd Nd 0.29 
a
 nd, not detected 
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Table 4.  Effect of chlorogenic acid on quantification of quinic acid under refluxing with 
50% MeOH 
sample 
addition of chlorogenic acid 
(g/100 g) 
contents of quinic acid 
(g/100 g) 
prune-making plums 1.30 1.10 ± 0.04
a
 
prune-making plums
 
0 1.10 ± 0.02 
a
 Data are presented as the mean values ± the standard deviations. 
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(2)  Quantification of quinic acid in prunes and other fruits 
It was elucidated that extraction with 50% MeOH under refluxing was suitable for 
quantification of organic acids in prunes and prune-making plums by HPLC analysis. To 
compare the contents of quinic acid in prunes and prune-making plums with other 
materials, several fruits were examined with this method. Typical HPLC chromatograms 
of cranberry and kiwi fruits are shown in Figure 6. As shown in Table 5, 3 lots of prunes 
were analyzed and they showed the highest quinic acid contents as 3.70  4.30 g/100g of 
edible portion among them, and prune-making plums also showed higher values as 1.10 
– 1.20 g/100g than other fruits. These values were 5 – 10 times higher than those of 
earlier papers, which reported that prunes contain 0.4 g/100 g of quinic acid 
(Stacewicz-Sapuntzakis et al., 2001; Puech and Jouret, 1974), and the content in 
prune-making plums is 0.2 g/100 g (De Moure and Dostal, 1965; Fernandez-Flores et al., 
1970). The value of quinic acid in prune-making plums in this study was comparable to 
the content in cranberry, which was previously reported (Hong and Wrolstad, 1986; Wills 
et al., 1986). 
Among other fruits, the content of quinic acid in kiwi fruits was relatively high at 
0.91 g/100 g followed by cranberry (0.88 g/100 g) and plum (0.32 g/100g). Ume, sweet 
cherry, and black cherry showed no detectable amounts of quinic acid. These values of 
analyzed fruits except prunes and prune-making plums were generally in agreement with 
the literatures (Table 5); hence, it was suggested that quinic acid in prunes and 
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prune-making plums is harder to be extracted than these common fruits. 
It was demonstrated that quinic acid in prunes and prune-making plums were higher 
than the values previously reported, and they seem to be appropriate source of quinic 
acid for human intake. It is known that quinic acid is converted to hippuric acid in human 
to acidify urine, and the results in this study suggested that prune intake might be useful 
for treatment and prevention of urinary tract infections.  
 
 22 
 
 
C, cranberry;  D, kiwi fruits;  peak identification: 1, quinic acid; 2, malic acid; 3, citric acid  
 
Figure 6.  HPLC chromatograms of cranberry and kiwi fruits extracts 
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Table 5.  Contents of quinic acid in several fruits 
sample 
contents 
(g/100 g)
a
 
contents in literature 
(g/100 g) 
prunes                 lot no. 1 4.30 ± 0.02 
0.4
d,e
                       lot no. 2 3.70 ± 0.03 
                      lot no. 3 3.80 ± 0.04 
prune-making plums     lot no. 1 1.10 ± 0.05 
0.2
d,e
                       lot no. 2 1.20 ± 0.01 
                      lot no. 3 1.20 ± 0.04 
cranberry 0.88 ± 0.02 0.77 – 1.40f,g 
kiwi fruits 0.91 ± 0.14 0.56 – 0.59h 
Plum 0.32 ± 0.02 0.12 – 0.41i 
Ume nd
b
 c 
sweet cherry nd 0.05 – 0.07i 
black cherry nd 0 – 0.01i 
a
 Data are presented as the mean values  the standard deviations.  b nd, not detected.  
c
 , nodata.  d Stacewicz-Sapuntzakis et al., 2001.  e Puech and Jouret, 1974.  f Hong 
and Wrolstad, 1986.  
g
 Wills et al., 1986.  
h
 Perez et al., 1997.  
i
 Rodriguez et al., 1992. 
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II.  Quantitative evaluation of antioxidant components in prunes 
1.  Contribution of caffeoylquinic acid isomers to antioxidant activity of prunes 
The contribution of CQA isomers to the antioxidant activity of prunes has not been 
proved in earlier papers. To clarify this point, ORAC and the contents of CQA isomers in 
ethanol extract of prunes were measured and the contribution was estimated. Prune fruits 
(205 g) were pitted (175 g of edible portion), cut into small pieces, and homogenized 
with 90% aqueous ethanol. After filtration of the extract, another portion of aqueous 
EtOH was added to the residue and re-extracted. The combined extract was evaporated in 
vacuo to remove ethanol, followed by dissolution with H2O, then hexane was added and 
the mixture was partitioned between hexane and H2O. After separation of the hexane 
layer, another portion of hexane was added to the H2O layer and this procedure was 
repeated five times. The hexane layers were combined and evaporated in vacuo to 
produce a concentrate. The H2O layer was separated using Diaion HP-20 column 
chromatography employing H2O as an eluting solution, followed by elution with 2%, 5%, 
10% 20%, 50%, and 100% MeOH successively, and each solution was evaporated in 
vacuo to give the H2O, and 2%, 5%, 10%, 20%, 50%, and 100% MeOH eluates (Figure 
7). 
Total phenolics and the ORAC of each fraction were measured, and CQA isomers in 
these fractions were quantified by means of HPLC analysis. The ethanol extract (122.0 g), 
the recovery of which was about 70% of the pitted prune, was separated into a hexane 
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layer and an H2O layer, and the yields of these fractions were 1.4 g and 119.0 g, 
respectively (Table 6). Both of the total phenolics and ORAC value of the H2O layer was 
20 – 40 times higher than those of the hexane layer (Table 6), and it was predicted that 
almost all antioxidant components in prunes are also entirely in the H2O layer with 
sugars and organic acids. The total content of CQA isomers in ethanol extract was 359 
mg measured by HPLC analysis, and the ORAC of these isomers was 3660 units. 
However, the total ORAC of EtOH extract was 12800 units, and the contribution of CQA 
isomers to the ORAC of this fraction was as low as 28.4% (Table 6). Furthermore, the 
contribution of these isomers to the ORAC of the H2O layer was also revealed to be as 
low as 30.0%; hence, it was suggested that unknown antioxidants exist in the H2O layer 
and the total ORAC of them are higher than those of CQA isomers. 
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Figure 7.  Procedure of extraction and fractionation of prunes 
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Table 6.  Yields, total phenolics, ORAC, contribution of CQA
a
 isomers, and proanthocyanidin of prune extract and residue 
 
 yield
b
 total CQA total ORAC of contribution of proanthocyanidin
h
 
  phenolics
c 
isomers
d 
ORAC
e 
CQA isomers
f 
CQA isomers
g
   
 (g) (mg) (mg) (units) (units) (%) (mg) 
 
EtOH extract 122.0 3380 359 12800 3660 28.4 
hexane layer 1.4 144 nd
i
 312  0 
H2O layer 119.0 3140 342 11600 3480 30.0 
residue 33.7
j
 3780
k
  21700
l
   108 
 
a
 CQA, caffeoylquinic acid.  
b
 Recovered weight of each fraction from 205 g of prunes.  
c
 Total phenolics are expressed 
as chlorogenic acid equivalent.  
d
 Sum of the contents of CQA isomers in each fraction determined by HPLC analysis.      
e
 Total ORAC values are calculated as ORAC of each fraction (units/mg; determined by ORAC assay)  yield (mg).       
f
 Calculated as CQA isomers (mg)  ORAC of chlorogenic acid (3.6 units/mol; determined by ORAC assay).           
g
 Calculated as ORAC of CQA isomers  total ORAC1  100.  h Proanthocyanidin was expressed as delphinidin equivalent.  
i
 nd, not detected.  
j
 weight of freeze dried residue.  
k
 total phenolics of hydrolyzed residue.  
l
 total ORAC of hydrolyzed 
residue. 
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2.  Properties of antioxidant components in H2O layer fractions 
The H2O layer, which showed high total phenolics and total ORAC (Table 6), was 
further separated into H2O, and 2%, 5%, 10%, 20%, 50%, and 100% MeOH eluates by 
means of Diaion HP-20 column chromatography (Figure 7). The yield of H2O eluate was 
as high as 110 g (Table 7), and this fraction showed the highest total phenolics (1200 
mg) and the total ORAC (4720 units) among the separated fractions. Each of these values 
corresponded to about 40% of those of the H2O layer (calculated based on the values 
shown in Table 7). In the HPLC analysis, three major peaks were detected in the H2O 
eluate (Figure 8), two of which were identified as 5-hydroxymethylfurfural and 3-CQA. 
The content of CQA isomers in the H2O eluate was 64.6 mg, and the contribution of 
these isomers to ORAC was relatively low at 13.9% (Table 7). In this study, 
5-hydroxymethylfurfural, sugars, and organic acids were negative on the total phenolics 
and ORAC assay (data not shown); hence, it was speculated that unknown antioxidant 
components exist in this fraction. Some of other minor peaks were identified as 
protocatechuic acid and 7-methoxycoumarin, and it is presumed that other major and 
unidentified peaks suggest the presence of high polar antioxidant components in this 
fraction.  
The other fractions (2%  100% MeOH eluates) had 0.17 – 0.46 g yields, and 
showed about 60% of the total ORAC of the H2O layer. Concerning the 2% and 5% 
MeOH eluates, their total ORACs were as high as 1430 – 1500 units; however, the total 
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phenolics were relatively small at 201 – 209 mg (Table 7). In the HPLC analysis, about 
60% of the CQA isomers of the H2O layer existed in these eluates (calculated based on 
the values shown in Table 7), and the contribution of these isomers to ORAC were as 
high as 70.2 – 70.7%. Each major peak detected in these fractions by HPLC analysis was 
identified as 3-CQA, 5-hydroxymethylfurfural, and 4-CQA, respectively, and caffeic acid, 
protocatechuic acid, and 7-methoxycoumarin were also identified as minor components. 
Concerning the 10% and 20% MeOH eluates, the contribution of CQA isomers to the 
ORAC of these fractions were relatively low at 7.9 – 38.3 %, and each of the total 
phenolics and the total ORAC was also low at 127 –150 mg and 880 – 928 units, 
respectively. In the HPLC analysis, several unknown peaks were detected, and some of 
them were identified as caffeic acid, p-coumaric acid, and 7-methoxycoumarin. 
Concerning the 50% MeOH eluate, the contribution of CQA isomers to the ORAC 
was only small; however, the eluate showed relatively high total ORAC of 1860 units 
corresponding to 16.0% of that of the H2O layer (calculated based on the values shown in 
Table 7), and this fraction also indicated relatively high total phenolics at 531 mg. Many 
peaks were detected by HPLC analysis, and some of them were identified as 
5-hydroxymethylfurfural, caffeic acid, rutin, ()-epicatechin, and 7-methoxycoumarin, 
respectively. Caffeic acid, rutin, and ()-epicatechin are known as antioxidant 
components (Potterat, 1997; Rice-Evans et al., 1996; Prior and Cao, 1999a) and are 
considered to take part in the ORAC of this fraction, and it is predicted that the detection 
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of other unidentified peaks indicates the presence of unknown antioxidant components in 
this fraction. The 100% MeOH eluate showed 608 units of the total ORAC and no 
contribution of CQA isomers, and this fraction also might contain unknown antioxidant 
components. 
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Table 7.  Yields, total phenolics, ORAC, and contribution of CQA
a
 isomers of H2O layer fractions 
 
 yield
b
 total content of total ORAC of contribution of  
  phenolics
c 
CQA isomers
 
ORAC
d 
CQA isomers
e 
CQA isomers
f
 
 (g) (mg) (mg) (units) (units) (%) 
 
H2O layer 119 3140 342.0 11600 3480 30.0 
H2O eluate 110 1200 64.6 4720 (40.7)
g
 656 (18.9)
h
 13.9 
2% MeOH eluate 0.29 209 99.3 1430 (12.3) 1010 (29.0) 70.7 
5% MeOH eluate 0.27 201 103.8 1500 (12.9) 1060 (30.5) 70.2 
10% MeOH eluate 0.17 127 35.0 928 (8.0) 356 (10.2) 38.3 
20% MeOH eluate 0.20 150 6.9 880 (7.6) 70 (2.00) 7.9 
50% MeOH eluate 0.46 531 0.1 1860 (16.0) 1 (0.02) 0.1 
100% MeOH eluate 0.19 229 n.d. 608 (5.2) 0 
 
a
 CQA, caffeoylquinic acid.  
b
 Recovered weight of each fraction from 205 g of prune.  c Total 
phenolics are expressed as chlorogenic acid equivalent.  
d
 Total ORAC values are calculated as ORAC of 
each fraction (units/mg; determined by ORAC assay)  yield (mg).  e Calculated as CQA isomers (mg, 
shown in Table 1 and 3 )  ORAC of chlorogenic acid (3.6 units/mol; determined by ORAC assay).  f 
Calculated as ORAC of CQA isomers  total ORAC1  100.  g Recovery ratio (%) of ORAC to that of 
H2O layer are expressed in parenthesis.  
h
 Recovery ratio (%) of ORAC of CQA isomers to that of H2O 
layer are expressed in parenthesis. 
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Figure 8.  HPLC chromatogram of prune fractions 
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Figure 9.  Structure of detected prune components 
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3.  Antioxidant activity of hydrolyzed residue 
In earlier studies concerning prunes, antioxidant compounds were characterized 
only in soluble fractions by means of HPLC analysis and the evaluation of insoluble 
antioxidants in prunes was insufficient. Therefore, the ethanol extract residue of prunes 
was hydrolyzed and the total phenolics and ORAC were evaluated to clarify the presence 
of unknown antioxidants in prunes. Hydrolyzed residue showed high total phenolics at 
3780 mg which was the same amount as that of the ethanol extract (Table 6). This 
fraction also indicated a high total ORAC (21700 units), and it was 1.4 times higher than 
that of the ethanol extract. It is presumed that almost all of the soluble antioxidants are 
entirely in the ethanol extract; hence, large amounts of conjugated compounds such as 
insoluble tannin or proanthocyanidin exist in the residue and were extracted as lower 
molecule compounds obtained by hydrolysis. In order to estimate the content of insoluble 
antioxidants in the ethanol extract residue, proanthocyanidin assay was carried out. The 
content of proanthocyanidin was 108 mg (Table 6), and this results is considered to 
indicate that proanthocyanidin takes part in antioxidant activity of the residue. However, 
the content of proanthocyanidin was apparently smaller than the total phenolics of 
hydrolyzed residue, and it is predicted that other conjugated antioxidants still exist in 
prunes. 
In an earlier report concerning the prune components, proanthocyanidin was 
detected at 0.79 mg/g in dried pulp by means of colorimetry assay (Rice-Evans et al., 
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1996), and the value is similar to the result in this study (0.78 mg/g, calculated based on 
the value of Table 6). On the other hand, no proanthocyanidin was detected by 
LC/MS/MS analysis in a recent study, which analyzed MeOH soluble fraction of prunes 
(Fang et al., 2002). Earlier studies regarding tannin or proanthocyanidin are insufficient, 
and thus characterization of conjugated antioxidants in prunes is required. 
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III.  Isolation and structural elucidation of prune components 
1.  Extraction, fractionation, and isolation 
To clarify unknown antioxidants in prunes, extraction, isolation, and structural 
elucidation of prune components were performed. Extracting procedures were made total 
three times. For the 1st extraction, prune fruits were extracted with 90% aqueous ethanol, 
and the extract was separated into the hexane-soluble and the H2O-soluble fractions. The 
H2O-soluble fraction was separated by Diaion HP-20 column chromatography into the 
H2O eluate and the MeOH eluate. The MeOH eluate was rechromatographed over a 
Sephadex LH-20 gel column with 80 % aqueous acetone to give fractions 1 ~ 9. Further 
purification of fraction 5 and 7 on various column chromatographies led to isolation of 
six hydroxycinnamic acids (compounds 1, 2, 3, 4, 5, 6), three benzoic acids (compounds 
12, 13, 14), a chroman (compound 15), and three other compounds (compounds 27, 28, 
29) (Figure 10). 
For the 2nd extraction, prune fruit was extracted with 90% aqueous ethanol, and the 
extract was separated into the hexane-soluble and the H2O-soluble fractions. The 
H2O-soluble fraction was separated by Diaion HP-20 column chromatography into the 
H2O, MeOH, and acetone eluate. The MeOH eluate was further chromatographed on a 
column of Sephadex LH-20 gel with 80 % aqueous acetone to obtain fractions 1 ~ 4. 
Various column chromatographies of fraction 2 afford seven abscisic acid related 
compounds (compounds 18, 19, 20, 21, 22, 23, 24) and two lignans (compounds 25, 26) 
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(Figure 11). 
For the 3nd extraction, prune fruits were extracted with 90% MeOH, and the extract 
was partitioned between hexane and H2O. The H2O-soluble fraction was separated by 
Diaion HP-20 column chromatography using H2O as an eluting solution followed by 
elution with 20%, 50% and 100% MeOH. The fraction, 50% MeOH eluate was further 
purified by Sephadex LH-20 column chromatography followed by preparative HPLC and 
silica gel column chromatography to give five hydroxycinnamic acids (compounds 7, 8, 
9, 10, 11), two coumarins (compounds 16, 17), and a flavonoid (compound 30) (Figure 
12). 
Finally, eleven hydroxycinnamic acids (1 ~ 11), three benzoic acids (12 ~ 14), a 
chroman (15), two coumarins (16, 17), seven abscisic acid related compounds (18 ~ 24), 
two lignans (25, 26), and four other compounds (27 ~ 30) were obtained in these 
extraction and isolation. The chemical structure of these isolated compounds were 
elucidated by NMR and MS analyses. 
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Figure 10.  Isolation of prune components in 1st extraction 
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Figure 11.  Isolation of prune components in 2nd extraction 
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Figure 12.  Isolation of prune components in 3rd extraction 
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2.  Structural elucidation of isolated compounds 
(1)  Hydroxycinnamic acid compounds 
Compound 1 
Compound 1 was obtained as colorless powder and exhibited an [M+1]
+
 peak at m/z 
355, which was indicative of the molecular weight of 354 corresponding to 
caffeoylquinic acid. The 
13
C-NMR data revealed the presence of a quinic acid moiety 
characterized with two methylenes ( 37.4 and 38.2), three oxymethines ( 70.1, 72.4, 
and 73.3), one quaternary carbon ( 75.9) and one carboxyl group ( 178.3) as well as a 
caffeoyl moiety. In the 
1
H-NMR spectrum, the downfield shifted signal (ddd) of 
oxymethine proton of quinic acid moiety (5.40) suggested that hydroxyl group at 3- or 
5-position was esterified with caffeoyl group. However, the signals of 
1
H and 
13
C NMR 
spectra of 1 were different from those of authentic 3- and 5-CQA, on the oxymethine and 
methylene of quinic acid region. In addition, optical rotation of 1 ([]25D, +45.1, c0.49, 
MeOH) was also different from that of 3-CQA ([]23D, +11.7, c0.49, MeOH) or 5-CQA 
([]24D, 37.6, c0.50, MeOH). Furthermore, acetylation of 3-CQA with acetic anhydride 
and pyridine gave 3-O-caffeoylquinic acid pentaacetate; while, acetylation of 1 with the 
same condition afforded a caffeoylquinide tetraacetate (Figure 13), bearing a -lactone 
ring formed with carboxyl group (C-1) and hydroxyl group (C-5) in the quinic acid 
moiety. However, acetylation of 3-CQA, or 1 with acetyl chloride resulted in the 
formation of 3-O-caffeoylquinic acid pentaacetate; hence, it was presumed that 1 is a 
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conformational isomer of 3-CQA on quinic acid molecule. 
To clarify the stereochemistry of 1, NMR techniques were used. In the 
1
H NMR 
analysis (Table 8), an oxymethine proton (5.40, H-3) showed a large vicinal coupling 
constant (8.5 Hz) with a neighboring methylene proton (H-2), and it was assigned that 
this proton (H-3) is axial in orientation. In addition, the proton at the 4-position (3.79 
ppm) must be equatorial because of its small coupling constant (3.1 Hz) with the axial 
proton at the 3-position. In these orientations, stereochemistry of quinic acid moiety of 1 
should be either a boat form, proton at the 5-position of which is axial, or an 
alternative-chair form, proton at the 5-position is equatorial. This oxymethine proton 
(3.98, H-5) was revealed as equatorial on the basis of its coupling constants (5.2, 5.7, 
5.9 Hz), therefore, stereochemistry of quinic acid moiety of 1 was demonstrated as an 
alternative-chair form of authentic 3-CQA (Figure 14). The 
1
H NMR data of quinic acid 
region of 1 was in fair agreement with a recent paper (Wenzl et al., 2000). In their study, 
stereochemistry of quinic acid molecule of 1,3-di-O-trans-feruloylquinic acid isolated 
from Brachiaria species was characterized as an alternative-chair form, and the proton at 
the 3-position showed large diaxial coupling constant. 
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Figure 13.  Acetyl derivatives of 3-CQA, compound 1, and 2 
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Table 8.  
1
H and 
13
C NMR data of 3-O-caffeoylquinic acid, compound 1, and 2 
 
 3-CQA compound 1 compound 2 
 
 
13
C
a
 
1
H
b
 
13
C 
1
H 
13
C 
1
H 
 
1 75.4  75.9  75.6  
2ax 36.7 2.20 (dd, 3.9, 14.8) 37.4 2.04 (m) 37.0 2.09 (m) 
2eq  2.13 (m)  2.04 (m)  2.09 (m) 
3 73.0 5.34 (ddd, 3.4, 3.9, 3.9) 72.4 5.40 (ddd, 3.1, 4.4, 8.5) 72.7 5.37 (ddd, 3.3, 5.1, 5.1) 
4 74.8 3.63 (dd, 3.4, 8.6) 73.3 3.79 (dd, 3.1, 5.7) 74.1 3.70 (dd, 3.3, 7.4) 
5 68.3 4.14 (ddd, 3.9, 8.6, 9.9) 70.1 3.98 (ddd, 5.2, 5.7, 5.9) 69.1 4.07 (ddd, 4.3, 7.4, 7.7) 
6ax 41.5 1.95 (dd, 9.9, 13.6) 38.2 1.90 (dd, 5.9, 13.9) 40.4 1.93 (dd, 7.7, 13.8) 
6eq  2.13 (m)  2.04 (m)  2.09 (m) 
7 178.3  182.2  180.0  
1′ 127.9  128.0  128.0  
2′ 115.1 7.04 (d, 2.0) 115.1 7.04 (d, 2.0) 115.1 7.04 (d, 2.2) 
3′ 146.8  146.8  146.8  
4′ 149.4  149.4  149.4  
5′ 116.4 6.76 (d, 8.3) 116.4 6.76 (d, 8.1) 116.4 6.76 (d, 8.1) 
6′ 122.9 6.93 (dd, 2.0, 8.3) 122.9 6.94 (dd, 2.0, 8.1) 122.9 6.93 (dd, 2.2, 8.1) 
7′ 146.8 7.58 (d, 15.9) 146.8 7.58 (d, 15.9) 146.8 7.58 (d, 15.9) 
8′ 115.8 6.30 (d, 15.9) 115.7 6.30 (d, 15.9) 115.8 6.30 (d, 15.9) 
9′ 169.0  168.8  168.9  
 
a
 
13
C NMR were obtained at 125 MHz with methanol d-4 (25 C)  b 1H NMR were obtained at 500 MHz with methanol d-4 (25 C) 
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Figure 14.  Stereochemical conformation of 3-CQA, compound 1, and 2 
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Compound 2 
Compound 2 was also revealed to be a conformational isomer of 3-CQA on the 
basis of its spectral data and acetylation. In the
1
H NMR of 2 (Table 8), an oxymethine 
proton at the 5-position (4.07) showed a relative large vicinal coupling constant (7.4 
Hz) coupled with another oxymethine proton (3.70, H-4). These protons are assigned to 
be diaxial. Based on these orientations, quinic acid moiety of 2 was presumed to be of a 
boat form, in which case carboxy group at the 1-position and oxymethine proton at the 
4-position of which are in axial orientation. To confirm this prediction, nuclear 
Overhauser effect (NOE) experiment on 3-CQA and 2 was carried out. When oxymethine 
proton at the 4-position was irradiated, the enhancements of two oxymethylene proton 
(H-2 and H-6) signals of 2 were apparently smaller than those of 3-CQA (Figure 15). 
These results supported the presumed stereochemistry of 2. In the complete boat form, 
the angles between oxymethine proton at the 5-position and methylene proton (H-6), as 
well as oxymethine proton at the 3-position and methylene proton (H-2), should be 0 
corresponding to show large vicinal coupling constant (>8 Hz) (Karplus, 1963). However, 
these protons showed somewhat smaller coupling constant as 5.1  7.7 Hz than the 
expected value. In general, a boat form of cyclohexane ring is energetically costly than a 
skewed boat form, in addition, a bulky substituent such as caffeoyl group at the 
3-position is axial; hence, it was presumed that the cyclohexane ring of quinic acid exists 
as a skewed boat form having some angle between these coupled protons (Figure 16). 
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Among the naturally occurring quinic acid derivatives, stereochemistry of cyclohexane 
ring of 3-O-caffeoyl-muco-quinic acid isolated from Asimina triloba was clarified as a 
skewed boat form (Haribal et al., 1998). In their study, two sets of coupled proton of 
quinic acid molecule of 3-O-caffeoyl-muco-quinic acid, which are diaxial on the same 
side, also showed somewhat smaller coupling constant values as 5.7 – 7.5 Hz. On the 
basis of this evidence, it was concluded that stereochemistry of quinic acid moiety of 2 is 
a skewed boat form (Figure 14). 
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Figure 15.  Nuclear Overhauser effect of 3-CQA and 2 
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Figure 16.  Vicinal coupling of oxymethine and methylene proton of 2 
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Compound 3 
Compound 3 exhibited an [M+1]
+
 peak at m/z 355 in the APCI mass spectrum 
corresponding to caffeoylquinic acid, and its NMR data revealed the presence of quinic 
acid moiety and caffeoyl group. In the 
1
H NMR spectrum, the axial proton signal of H-4 
showed a downfield shift ( 4.79 dd, J=3, 9Hz) due to esterification, and 1H-1H 
correlation spectroscopy (H-H COSY), 
1
H-detected multiple quantum coherence 
spectrum (HMQC), and 
1
H-detected multiple-bond heteronuclear multiple quantum 
coherence spectrum (HMBC) measurements allowed the complete assignment of protons 
and carbons of the structure shown below (Figure 17). Therefore, compound 3 was 
identified to be 4-O-caffeoylquinic acid, which was isolated from prunes (Prunus 
domestica L.) for the first time. 
 
 
OH
OH
O
OH
HOOC
OH
OH
O
1
2
3
4
5
6
7
1'
2'
3'
4'
5'
6'
7'
8'
9'
 
 
Figure 17.  Compound 3 
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Compound 4 
Compound 4 gave the same quasi-molecular ion peak as 3 in the APCI mass 
spectrum and its NMR data resembled those of 3. In the 
1
H NMR spectrum, the axial 
proton signal of H-5 showed a downfield shift ( 4.79, ddd, J=3, 9Hz) due to 
esterification; therefore, compound 4 was identified to be 5-O-caffeoylquinic acid. 
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Figure 18.  Compound 4 
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Compound 5 
The 
1
H and 
13
C NMR of compound 5 gave the signals of one quinic acid, one 
caffeoyl, and one methyl group. The downfield shift of oxymethine proton (H-3) of 
quinic acid molecule was induced by the esterification with caffeic acid, and in the 
HMBC experiment, long-range correlation was observed between methyl protons (H-8) 
and carbonyl carbon (C-7). Furthermore, APCI MS showed an [M1] peak at m/z 367 
corresponding to the structure as shown in Figure 19. 
On the basis of these results, compound 5 was identified to be 3-O-caffeoylquinic 
acid methyl ester, which was isolated from prunes (Prunus domestica L.) for the first 
time. 
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Figure 19.  Compound 5 
 52 
Compound 6 
The 
1
H and 
13
C NMR spectra of 6 resembled those of compound 5, and the 
downfield shift of oxymethine proton (H-4) of quinic acid molecule was induced by the 
esterification with caffeic acid. In addition, APCI MS showed an [M1] peak at m/z 367 
corresponding to the structure as shown in Figure 20; therefore, compound 6 was 
identified to be 4-O-caffeoylquinic acid methyl ester, which was isolated from prunes 
(Prunus domestica L.) for the first time. 
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Figure 20.  Compound 6 
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Compound 7 
The 
1
H NMR spectrum of 7 revealed the presence of 1, 3, 4-trisubstituted benzene 
ring and two trans coupled olefin protons (H-7 and H-8). In the 
13
C NMR, downfield 
shift of two carbon signals of benzene ring (C-3 and C-4) indicated the substitution of 
oxygen atom, and in the HMBC experiment, long-range correlation was observed 
between olefin proton (H-7) and carbonyl carbon at the 9-position. Furthermore, APCI 
MS showed an [M1] peak at m/z 181; therefore, compound 7 was identified to be 
caffeic acid.  
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Figure 21.  Compound 7 
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Compound 8 
The 
1
H and 
13
C NMR spectra of 8 resembled those of compound 7, and showed 
additional signal of one methoxyl group. In the HMBC experiment, methyl protons 
(H-10) showed correlation to the carbonyl carbon at the 9-position. Furthermore, APCI 
MS showed an [M1] peak at m/z 195 corresponding to the structure shown below 
(Figure 22); therefore, compound 8 was identified to be caffeic acid methyl ester, which 
was isolated from prunes (Prunus domestica L.) for the first time. 
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Figure 22.  Compound 8 
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Compound 9 
The 
1
H NMR spectrum of 9 revealed the presence of one para-substituted benzene 
ring and two trans coupled olefin protons (H-7 and H-8). In the 
13
C NMR spectrum, 
downfield shift of carbon signal of benzene ring (C-4) indicated the substitution of 
oxygen atom. In addition, carbonyl carbon was assigned at the 9-position on the basis of 
the HMBC experiment, and APCI MS showed an [M+1]
+
 peak at m/z 165 corresponding 
to the structure as shown in Figure 23. Therefore, compound 9 was identified to be 
p-coumaric acid.  
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Figure 23.  Compound 9 
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Compound 10 
The 
1
H NMR spectrum of 10 gave the signals of 1, 3, 4-trisubstituted benzene ring, 
one methoxyl and one methylene groups, two trans coupled olefin protons (H-7 and H-8), 
and -D-glucose moiety. In the 13C NMR analysis, downfield shift of two carbon signals 
of benzene ring (C-3 and C-4) indicated the substitution of oxygen atoms. In the HMBC 
experiment, long range correlations were observed between methoxyl group and C-3, 
anomeric proton (H-1′) and C-4, and methylene protons (H-9) and C-7. In addition, APCI 
MS showed an [M1] peak at m/z 343 corresponding to the structure shown below; 
therefore, compound 10 was identified to be coniferin. 
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Figure 24.  Compound 10 
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Compound 11 
The 
1
H and 
13
C NMR spectra of 11 resembled those of compound 10. However, it 
showed one carbonyl carbon signal at the 9-position instead of methylene proton and 
carbon signals of 10. In addition, APCI MS showed an [M1] peak at m/z 357 
corresponding to the structure shown below (Figure 25); therefore, compound 11 was 
identified to be ferulic acid -D-glucopyranoside, which was isolated from prunes 
(Prunus domestica L.) for the first time. 
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Figure 25.  Compound 11 
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(2)  Benzoic acid compounds 
Compound 12 
The 
1
H and 
13
C NMR spectra of 12 showed the signals of 1,3,4-tirsubstituted 
benzene ring and one carbonyl carbon (C-7). The downfield shift of two carbon signals 
of benzene ring (C-3 and C-4) indicated the substitution of oxygen atoms. In addition, 
APCI MS showed an [M+1]
+
 peak at m/z 155 corresponding to the below structure as 
shown in Figure 26; therefore, compound 12 was identified to be protocatechuic acid, 
which was isolated from prunes (Prunus domestica L.) for the first time. 
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Figure 26.  Compound 12 
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Compound 13 
Compound 13 showed similar signals of 
1
H and 
13
C NMR to those of compound 12 
together with the additional signal of methoxyl group. In the HMBC experiment, long 
range correlation was observed between methyl protons (H-8) and an aromatic carbon 
(C-3), and APCI MS gave an [M+1]
+
 peak at m/z 167 corresponding to the structure 
shown below (Figure 27). Therefore, compound 13 was identified to be vanillic acid, 
which was isolated from prunes (Prunus domestica L.) for the first time. 
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Figure 27.  Compound 13 
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Compound 14 
The 
1
H and 
13
C NMR spectra of compound 14 revealed the presence of vanillic acid 
and -D-glucopyranose moieties. The HMBC experiment showed correlation between 
anomeric proton (H-1′) and C-4 carbon of benzene ring. Furthermore, APCI MS gave an 
[M-1]

 peak at m/z 329 corresponding to the structure shown below (Figure 28); 
therefore, compound 14 was identified to be vanillic acid -D-glucopyranoside, which 
was isolated from prunes (Prunus domestica L.) for the first time. 
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Figure 28.  Compound 14 
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(3)  Chroman and coumarin compounds 
Compound 15 
Compound 15 was obtained as colorless powder with a negative optical rotation 
([]D
28
 –9.7˚). 1H and 13C NMR experiments revealed the presence of a 1,2-disubstituted 
benzene ring, one methylene group, one quaternary carbon, and two carboxyl groups. 
The downfield shift of aromatic carbon at the 9-position indicated substitution with an 
oxygen atom. In an HMBC experiment (Figure 29), long-range correlations were 
observed between an aromatic proton (H-5) and a quaternary carbon (C-4), methylene 
protons (H-3) and two carboxyl carbons (C-2 and C-11), and methylene protons (H-3) 
and an aromatic carbon (C-10). In these results, it was determined that the quaternary 
carbon (C-4), attached to the aromatic carbon at the 10 position, was substituted with 
methylene (C-3) and carboxyl carbons (C-11). The IR spectrum of 15 showed absorption 
at 1736 cm
-1
 (-lactone), and the negative HR-FABMS spectrum showed an [MH] 
peak at m/z 206.0482 corresponding to C10H9NO4. On the basis of these IR and MS 
analyses, it was established that the carboxyl group at the 2-position is esterified with the 
hydroxyl group at the 9-position to form a -lactone, and an amino group is attached to 
quaternary carbon (C-4). In addition, this compound was positive in the ninhydrin 
reaction; hence, the planar structure of 15 was characterized as shown in Figure 29, and 
this compound was identified as 4-amino-4-carboxychroman-2-one, which is a novel 
compound. 
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Figure 29.  Compound 15 
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Compound 16 
In the 
1
H NMR spectrum of compound 16, two olefin protons signals, which 
showed cis coupling (11Hz), and two aromatic proton signals (singlet) indicated the 
presence of coumarin skeleton. The downfield shift of two aromatic carbon signals (C-6 
and C-7) suggested the substitution of oxygen atoms. A methyl proton signal (H-11) 
showed a correlations to an aromatic carbon at the 6-position in the HMBC experiment, 
and to aromatic proton at 5-position in the nuclear Overhauser enhancement and 
exchange spectroscopy (NOESY) experiment. Furthermore, APCI MS gave an [M1] 
peak at m/z 191 corresponding to the structure shown below (Figure 30); therefore, 
compound 16 was identified to be scopoletin, which is isolated from prunes (Prunus 
domestica L.) for the first time. 
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Figure 30.  Compound 16 
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Compound 17 
The 
1
H and 
13
C NMR spectra of compound 17 suggested the presence of coumarin 
skeleton, methoxyl group, and -D-glucopyranose moiety. In the HMBC and NOESY 
experiment, it was suggested that methoxyl group was attached to benzene ring 
(7-position), and anomeric proton (H-1′) showed correlations to C-6 carbon and H-6 
proton of coumarin moiety. Furthermore, APCI MS showed an [M1] peak at m/z 353 
corresponding to the structure shown bellow (Figure 31); therefore, compound 17 was 
identified to be magnolioside, which was isolated from prunes (Prunus domestica L.) for 
the first time. 
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Figure 31.  Compound 17 
 65 
(4)  Abscisic acid related compounds 
Compound 18 
Compound 18 was obtained as colorless powder with a negative optical rotation 
([]D
23
 –15.0˚), and the negative HR-FABMS spectrum showed an [MH] peak at m/z 
297.1340 corresponding to C15H22O6. The 
1
H and 
13
C NMR spectra evealed the presence 
of three tertiary methyls, two methylenes, one of which was expected to bear oxygen 
atom, two oxymethines, conjugated two double bonds, and one carbonyl and three 
quaternary carbons. Two olefin protons (H-4 and H-5) showed a trans coupling, and one 
tertiary methyl (3-CH3) was coupled with another olefin proton (H-2). On the basis of the 
HMQC and HMBC experiments, three quaternary carbons were assigned at C-1′, C-5′ 
and C-8′ together with the assignment of two oxymethines (H-3′ and H-4′), and 
downfield shift of C-1′ and C-8′ carbon suggested the substitution of oxygen atom. In 
addition, one methylene group was assigned at the 2′-position, and another oxymethylene 
protons (H-6′) showed long-range correlations with C-1′ and C-8′ carbons, indicating the 
presence of cyclohexane ring which has [3,2,1] bicyclo structure as shown in Figure 32. 
Furthermore, the olefin proton (H-4) also showed a long-range correlation with C-8′, 
together with a correlation between another olefin proton at the 2-position and carbonyl 
carbon (C-1). In these results, it was elucidated that the carbon at the 8 ′-postion of 
bicyclo ring is substituted with diene, which is attached with the carbonyl carbon at the 
1-position. 
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In the NOESY experiment, significant NOEs were observed between H-2 and CH3 
at the 3-position, CH3 at the 3-position and H-5, and H-5 and H-2′ax, H-4′ax, suggesting 
the stereochemistry as shown in Figure 32, which bears trans-cis conjugated diene at the 
8′-positon in axial orientation. Therefore, this compound was identified to be 
rel-5-(1R,5S-dimethyl-3R,4R,8S-trihydroxy-7-oxabicyclo[3,2,1]-oct-8-yl)-3-methyl-
2Z,4E-pentadienoic acid (Figure 33), which is a novel compound. 
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Figure 32.  HMBC correlations and NOEs of compound 18 
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Figure 33.  Compound 18 
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Compound 19 
The 
1
H and 
13
C NMR spectra of 19 resembled those of compound 18. However, 
they showed one carbonyl carbon signal at the 6-position instead of methylene protons 
and carbon signals of 18. In addition, HR-FABMS spectrum showed an [MH] peak at 
m/z 311.1128 corresponding to C15H20O7, therefore, compound 19 was identified to be 
rel-5-(1R,5S-dimethyl-3R,4R,8S-trihydroxy-7-oxa-6-oxobicyclo[3,2,1]oct-8-yl)-3-methyl
-2Z,4E-pentadienoic acid (Figure 34), which is a novel compound. 
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Figure 34.  Compound 19 
 69 
Compound 20 
The 
1
H and 
13
C NMR spectra of 20 resembled those of compound 19. However, 
they showed one methylene proton and carbon signals at the 4 ′-position instead of 
oxymethine proton and carbon signals of 19. In addition, HR-FABMS spectrum showed 
an [MH] peak at m/z 295.1196 corresponding to C15H20O6, therefore, compound 20 
was identified to be rel-5-(3S,8S-dihydroxy-1R,5S-dimethyl-7-oxa-6-oxobicyclo[3,2,1]- 
oct8-yl)-3-methyl-2Z,4E-pentadienoic acid (Figure 35), which is a novel compound. 
 
 
 
O
O
HO
COOH
OH
1
2
3
4
5
1'
2'
3'
4'
5'
6'
7'
8'
 
 
Figure 35.  Compound 20 
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Compound 21 
The 
1
H and 
13
C NMR spectrum of 21 revealed the presence of same structure of 
compound 20 and -D-glucopyranose moiety. In the HMBC experiment, long-range 
correlation was observed between anomeric proton of -D-glucopyranose (H-1″) and the 
carbon at the 3′-position of bicyclo ring. In addition, HR-FABMS spectrum showed an 
[MH] peak at m/z 457.1716 corresponding to C21H30O11, therefore, compound 21 was 
identified to be rel-5-(3S,8S-dihydroxy-1R,5S-dimethyl-7-oxa-6-oxobicyclo[3,2,1]oct- 
8-yl)-3-methyl-2Z,4E-pentadienoic acid 3'-O--D-glucopyranoside (Figure 36), which is 
a novel compound. 
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Figure 36.  Compound 21 
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Compound 22 
The 
1
H and 
13
C NMR spectra of compound 22 revealed the presence of four methyl 
groups, three olefin protons, one carbonyl and two quaternary carbons, and 
-D-glucopyranose moiety. In the HMQC and HMBC experiments, two quaternary 
carbons were assigned at C-5 and C-6 of cycrohexenone ring, and downfield shift of C-6 
carbon suggested the substitution of oxygen atom. Two trans coupled olefin protons were 
assigned at H-7 and H-8, and long-range correlation was observed between aromatic 
proton (H-1′) and methine carbon (C-9). Furthermore, APCI MS showed an [M1] peak 
at m/z 385, and this compound gave a negative optical rotation ([]26D 64.5˚). Therefore, 
compound 22 was identified to be (6S,9R)-roseoside, which is isolated from prunes 
(Prunus domestica L.) for the first time. 
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Figure 37.  Compound 22 
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Compound 23 
Various NMR experiments of compound 23 revealed the presence of a 
cyclohexenone ring, a conjugated diene, and four methyl groups. In the HMQC and 
HMBC experiments, the substitutions of C-6 with hydroxyl group and conjugated diene 
were suggested, and four methyl groups were assigned at C-12, C-13, C-14, and C-15. In 
the NOE experiment, significant correlations were observed between H-10 and H-12, 
H-12 and H-7, and H-7 and H-13, suggesting trans-cis conjugation. In addition, APCI 
MS showed an [M1] peak at m/z 263, and the optical rotation ([]28D) was +278˚. In 
these results, compound 23 was identified to be abscisic acid, which was isolated from 
prunes (Prunus domestica L.) for the first time. 
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Figure 38.  Compound 23 
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Compound 24 
The 
1
H and 
13
C NMR spectra of compound 24 revealed the presence of abscisic acid 
and -D-glucopyranose moieties. The HMBC experiment showed correlation between 
anomeric proton of glucose group (H-1′) and C-11 carbon of abscisic acid molecule. In 
addition, negative HR-FABMS gave m/z 425.1821 peak corresponding to C21H30O9, and 
the optical rotation showed 154˚ ([]20D). Therefore, compound 24 was identified to be 
-D-glucopyranosyl abscisate, which was isolated from prunes (Prunus domestica L.) for 
the first time. 
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Figure 39.  Compound 24 
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(5)  Lignan compounds 
Compound 25 
Various NMR experiments of compound 25 revealed the presence of two 
1,3,4,-tirsubstituted benzene rings, 3,7-dioxabicyclo-[3,3,0]-octane skelton, and 
-D-glucose moiety. In the HMBC spectrum, significant correlations were observed 
between H-2 and C-1', H-6 and C-1", and H-1"' and C-4", suggesting the structure as 
shown in Figure 40. The APCI MS spectrum gave an [M1] peak at m/z 519, and the 
optical rotation ([]20D) was +6.5˚. These spectra data gave good agreement with the 
literature (Lundgren et al., 1985), thus, compound 25 was identified to be (+)-pinoresinol 
O--D-glucopyranoside, which was isolated from prunes (Prunus domestica L.) for the 
first time. 
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Figure 40.  Compound 25 
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Compound 26 
The 
1
H NMR spectrum of compound 26 showed the signals of the 
1,3,4-trisubstituted and 1,3,4,5-tetrasubstituted benzene rings, n-propanol group, and 
-D-glucose molecule. In the 13C NMR spectrum and HMQC experiment, the presence of 
a methyl, a methylene, and an oxymethine group were suggested. In the HMBC spectrum, 
significant correlations were observed between H-1', 2' and C-1, H-8 and C-5, H-7 and 
C-1", 4, and H-1"' and C-9, suggesting the 7,8-dihidrobenzofuran structure with the 
-D-glucopyranosyl ring attached at the 9-position. In the NOESY experiment, 
significant correlation was observed between H-9a and H-7, and it was indicated that the 
stereochemistry of 26 is trans form. In addition, the optical rotation ([]20D) was +6.5˚, 
showing good agreement with the literature (Changzeng et al., 1997), thus, compound 26 
was identified to be 9-(-D-glucopyranosyl)-7-(4-hydroxy-3-methoxyphenyl)-1-(3- 
hydroxypropyl)-3-methoxy-(7R,8S)-dihydrobenzofuran (Figure 41), which was isolated 
from prunes (Prunus domestica L.) for the first time. 
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Figure 41.  Compound 26 
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(5)  Other compounds 
Compound 27 
In the 
1
H NMR analysis, the peaks of two coupled protons (J=3.6 Hz) suggesting 
the presence of 2,5-disubstituted fran ring, together with the signals of aldehyde and 
hydroxymethylene protons, were observed. In addition, APCI MS showed an [M1] 
peak at m/z 125, therefore, compound 27 was identified as 5-hydroxymethylfurfural 
(Figure 42). 
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Figure 42.  Compound 27 
 78 
Compound 28 
Compound 28 was obtained as colorless powder with a negative optical rotation 
([]25D –89.5˚). 
1
H and 
13
C NMR experiments revealed the presence of pyrrole ring, 
bearing a hydroxymethyl, formyl, and succinamide moieties. It was predicted that this 
compound should be an ester of hydroxymethyl and succinamide molecules. However, in 
the 
1
H NMR analysis, acetylation of compound 28 led to show the downfield shift of 
hydroxymethylene protons (H-7); hence, it was suggested that this hydroxyl group was 
not esterified. In the HMBC experiment, long-range correlations were observed between 
H-3′ and C-2, and H-3′ and C-5. Furthermore, negative HR-FABMS spectrum showed an 
[MH] peak at m/z 221.0566 corresponding to C10H10N2O4; hence, two structures were 
presumed for compound 28 (Figure 43). However, in the 
1
H NMR analysis of 28, two 
broad proton signals were assigned as hydroxyl proton at the 7-position and amino 
proton at the 1′-position. Therefore, the planar structure of 28 was characterized as 
shown in Figure 44, and this compound was identified to be 
2-(5-hydroxymethyl-2′,5′-dioxo-2',3',4',5'- tetrahydro-1′H-1,3′-bipyrrole)carbaldehyde, 
which is a novel compound. 
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Figure 43.  Two presumed structures of compound 28 
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Figure 44.  Compound 28 
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Compound 29 
The 
1
H and 
13
C NMR spectra of compound 29 suggested the presence of one 
substituted benzene ring, a methylene group, and -D-glucose and -D-xylose moieties. 
In the HMBC experiment, long-range correlations were observed between H-1″ and C-6′, 
H-1′ and C-7, and H-6 and C-7. Furthermore, APCI MS showed an [M1] peak at m/z 
403 corresponding to the structure shown bellow (Figure 45). Therefore, compound 29 
was identified as benzyl -primeveroside. 
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Figure 45.  Compound 29 
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Compound 30 
The 
1
H and 
13
C NMR spectra of compound 30 revealed the presence of quercetin, 
-D-glucose, and -rhamnose moieties. The HMBC experiment showed correlations 
between anomeric proton of glucose (H-1″) and C-3 carbon of quercetin, and H-6″ 
proton of glucose and C-3′″ carbon of rhamnose. In addition, APCI MS gave an [M-1] 
peak at m/z 609 corresponding to the structure shown below (Figure 46), therefore, 
compound 30 was identified as rutin. 
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Figure 46.  Compound 30 
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IV.  Antioxidant activity of isolated compounds 
1.  Caffeoylquinic acid isomers 
(1)  Oil stability index method 
To compare the antioxidant activity of CQA isomers (3-, 4-, and 5-CQA), oil 
stability index (OSI) method was performed. As shown in Table 9, the addition of these 
isomers extended the OSI value compared with that of control (5.50). The values of CQA 
isomers were close each other and they showed the values as 13.83 - 15.15, and it 
seemed that the position of esterification on quinic acid molecule with caffeic acid had 
no influence on their antioxidant activity. 
On the other hand, the OSI value of caffeic acid was 46.1, which was much higher 
than those of CQA isomers. In a study of Chen and Ho (1997), antioxidant activity of 
caffeic acid was higher than 5-CQA when lard was used as a lipid substrate. In contrast, 
the value of antioxidant activity of caffeic acid and 5-CQA were almost the same on the 
trolox equivalent antioxidant activity (TEAC; Rice-Evans et al., 1997) and against 
oxidation of linoleic acid (Morishita and Kido, 1995). The disparity among these assays 
might depend on the difference of such as substrate, solubility of sample and 
measurement temperature. 
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Table 9  Inhibitory effect against oxidation of methyl linoleate 
of caffeoylquinic acid isomers and related compounds.  
 
 OSI value (hr)
a
 
 
3-O-caffeoylquinic acid(3-CQA) 14.03 ± 1.23 
4-O-caffeoylquinic acid (4-CQA) 13.83 ± 1.06 
5-O-caffeoylquinic acid (5-CQA) 15.15 ± 0.39 
caffeic acid 46.10 ± 1.50 
-tocopherol 37.83 ± 1.85 
BHT 22.85 ± 0.35 
control 5.50 ± 0.25 
 
a
 Each sample was measured at 1mol/5g of oil in triplicate 
and the data are expressed as the mean values ± the standard 
deviations. OSI value is defined as the point of maximum 
change of the rate of oxidation. 
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(2)  O2
-
 scavenging activity and oxygen radical absorbance capacity 
The scavenging activity on O2
-
 of CQA isomers was also evaluated by direct ESR 
measurement. As shown in Table 10, the scavenging ratio of 5-CQA at a concentration of 
50 M was 30.1 %. This result showed a fairly good agreement with a previous study, in 
which 5-CQA showed 53 % of scavenging ratio on O2
-
 at 100 M (Tsuchiya et al., 1996). 
On the other hand, caffeic acid showed somewhat stronger activity (41.1 %) than 
CQA isomers. Chen and Ho (1997) compared the free radical scavenging effect of 
5-CQA and caffeic acid using the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals. 
In their study, the activity of caffeic acid was one and a half times as high as that of 
5-CQA showing similar tendency as this study. In contrast, ORAC of caffeic acid was 
smaller than those of CQA isomers. This discrepancy might be attributable to the 
difference of radical species. 
When compared three CQA isomers, they exhibited almost the same radical 
scavenging activity (30.1  37.0%) and ORAC (3.39 – 3.89 unit/mol). It seemed that 
the position of esterification on quinic acid molecule had no influence on their 
scavenging activity on O2
-
 and ORAC. 
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Table 10  Scavenging activity on O2
-
 and oxygen radical absorbance capacity 
(ORAC) of caffeoylquinic acid isomers and related compounds.  
 
 Scavenging ratio of O2
a 
ORAC
b
 
 (%) (unit/mol) 
 
3-O-caffeoylquinic acid (3-CQA) 31.3 ± 3.3 3.89  0.52 
4-O-caffeoylquinic acid (4-CQA) 37.0 ± 2.2 3.99  0.12 
5-O-caffeoylquinic acid (5-CQA) 30.1 ± 5.2 3.39  0.02 
caffeic acid 41.1 ± 5.5 2.68  0.05 
L-ascorbic acid 47.3 ± 1.1 c 
 
a
 Each sample was measured at 50M in triplicate and scavenging ratios of 
O2
-
 are expressed as the mean values ± the standard deviations.  
b
 ORAC 
values are expressed as 1 unit for 1 mol of Trolox equivalent.  c not 
measured. 
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3.  Conformational isomers of 3-O-caffeoylquinic acid 
(1)  Oxygen radical absorbance capacity 
Antioxidant activity on the basis of ORAC of these compounds was also evaluated. 
The ORAC value of 1 (2.07  0.06 unit/mol) was significantly (p<0.01) smaller than 
that of 3-CQA (3.89  0.52), on the other hand, the activity of 2 (4.18  0.12) was almost 
the same as that of 3-CQA (Table 11).  
 
 
 
Table 11.  Oxygen radical absorbance capacity (ORAC) of 
conformational isomers of 3-O-caffeoylquinic acid 
 
 ORAC (units/mol)a 
 
3-CQA (chair form) 3.89  0.52 
compound 1 (alternative-chair form) 2.07  0.06b 
compound 2 (skewed form) 4.18  0.12 
 
a
 ORAC values are expressed as 1 unit for 1 mol of Trolox 
equivalent. Each sample was measured in triplicate and the data 
are expressed as the mean values ± the standard deviations.  
b
 
Significantly smaller than the value of 3-CQA (p<0.01). 
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(2)  Ferric thiocyanate method 
In the ferric thiocyanate method assay, 1 also showed relatively lower antioxidant 
activity than 2 and 3-CQA against oxidation of linoleic acid (Figure 41). It seems that 
these differences of antioxidant activity of these conformers are dependent on their 
stereochemistry of quinic acid. In the recent study, ORAC of 5-O-caffeoylquinic acid 
was 1.5 times higher than that of caffeic acid alone (Prior and Cao, 1999a). Quinic acid 
and its stereochemistry might take part in the antioxidant activity of caffeoylquinic acid 
isomers. 
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Figure 47.  Antioxidant activity of conformational isomers of 3-O-caffeoylquinic acid 
on the basis of ferric thiocyanate method  
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2.  Other isolated compounds 
(1)  Oxygen radical absorbance capacity 
Antioxidant activity of other isolated compounds were evaluated on the basis of 
ORAC. Phenolic compounds that have ortho-diphenol structure, such as 3- and 4-CQA 
methyl esters, caffeic acid and its ester, protocatechuic acid, and rutin showed high 
ORAC values as 2.68 – 5.30 unit/mol. Mono hydorxyphenolic compounds such as 
p-coumaric acid, coniferin, ferulic acid -D-glucopyranoside, vanillic acid -D-glucoside, 
4-amino-4-carboxychoroman-2-one, magnolioside, and (+)-pinoresinol O--D- 
glucopyranoside showed lower ORAC as 0.34 – 1.54 unit/mol than ortho-diphenol 
group. However, vanillic acid, scopoletin, and 9-(-D-glucopyranosyl)-7-(4-hydroxy- 
3-methoxyphenyl)-1-(3-hydroxypropyl)-3-methoxy-(7R,8S)-dihydrobenzofuran showed 
high ORAC as 2.33 – 4.68 unit/mol, which are as same as ortho-diphenol compounds 
(Table 12). Other non phenolic compounds, such as abscisic acid related compounds and 
others, showed low ORAC as <1 unit/mol (Table 13). It was predicted that phnenolic 
compounds strongly contribute to the antioxidant activity of prunes, and non phenolic 
compounds also associated with the activity. 
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Table 12.  Oxygen radical absorbance capacity (ORAC) of hydroxycinnamic 
acid, benzoic acid, chroman and coumarin, and lignan compounds 
   ORAC (unit/mol) a  
     
 3-CQA
 b
 methyl ester (5)  3.03  0.00  
 4-CQA
 c
 methyl ester (6)  3.65  0.07  
 caffeic acid (7)  2.68  0.05  
 caffeic acid metyl ester (8)  3.31  0.03  
 p-coumaric acid (9)  1.04  0.01  
 coniferin (10)  1.54  0.02  
 ferulic acid -D-glucopyranoside (11)  1.09  0.00  
 protocatechuic acid (12)  3.28  0.03  
 vanillic acid (13)  4.68  0.05  
 vanillic acid -D-glucopyranoside (14)  0.35  0.08  
 4-amino-4-carboxychroman-2-one (15)  0.32  0.00  
 scopoletin (16)  2.72  0.03  
 magnolioside (17)  0.51  0.02  
 (+)-pinoresinol O--D-glucopyranoside (25)  1.09  0.03  
 
9-(-D-glucopyranosyl)-7-(4-hydroxy-3- 
methoxyphenyl)-1-(3-hydroxypropyl)-3-methoxy- 
(7R,8S)-dihydrobenzofuran (26) 
 2.33  0.02  
 rutin (30)  5.30  0.10  
     
a
 ORAC values are expressed as 1 unit for 1 mol of Trolox equivalent. Each 
sample was measured in triplicate and data are presented as the mean values ± the 
standard deviations.  
b
 3-CQA, 3-O-caffeoylquinic acid.  
c
 4-CQA, 
4-O-caffeoylquinic acid. 
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Table 13.  ORAC of abscisic acid related and other compounds 
   ORAC (unit/mol) a  
     
 
rel-5-(1R,5S-dimethyl-3R,4R,8S-trihydroxy-7- 
oxabicyclo[3,2,1]-oct-8-yl)-3-methyl-2Z,4E- 
pentadienoic acid (18) 
 0.67  0.01  
 
rel-5-(1R,5S-dimethyl-3R,4R,8S-trihydroxy-7- 
oxa-6-oxobicyclo[3,2,1]oct-8-yl)-3-methyl- 
2Z,4E-pentadienoic acid (19) 
 0.34  0.00  
 
rel-5-(3S,8S-dihydroxy-1R,5S-dimethyl-7-oxa-6- 
oxobicyclo[3,2,1]oct-8-yl)-3-methyl-2Z,4E- 
pentadienoic acid (20) 
 0.50  0.01  
 
rel-5-(3S,8S-dihydroxy-1R,5S-dimethyl-7-oxa-6- 
oxobicyclo[3,2,1]oct-8-yl)-3-methyl-2Z,4E- 
pentadienoic acid 3′-O--D-glucopyranoside (21) 
 0.72  0.01  
 (6S,9R)-roseoside (22)  0.49  0.00  
 (+)-abscisic acid (23)  0.77  0.02  
 (+)--D-glucopyranosyl abscisate (24)  0.41  0.01  
 hydroxymethylfurfural (27)  0.27  0.00  
 
2-(5-hydroxymethyl-2′,5′-dioxo-2′,3′,4′,5′-tetrahydr
o-1′H-1,3′-bipyrrole)-carbaldehyde (28) 
 0.08  0.00  
 benzyl -primeveroside (29)  0.00  0.00  
     
a
 ORAC values are expressed as 1 unit for 1 mol of Trolox equivalent. Each 
sample was measured in triplicate and data are presented as the mean values ± the 
standard deviations. 
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(2)  Synergistic effect on oxygen radical absorbance capacity (ORAC) of caffeoylquinic 
acid isomers 
4-Amino-4-carboxychroman-2-one (15) showed lower ORAC, 0.32 unit/mol. 
However, when 1M of 15 was added to 1M of 3-O-caffeoylquinic acid, the ORAC 
raised to 5.84 unit/mol which was higher than an expected value as 4.22 unit/mol (sum 
of the data of 3-O-caffeoylquinic acid and 15 in Table 14). This compound (15) showed 
a remarkable synergistic effect on each caffeoylquinic acid isomer and the ORAC values 
were enhanced 1.5 – 2.9 times (Table 14). It is known that osbekic acid isolated from 
Osbeckia chinensis L. is as an antioxidative synergist to -tocopherol, methyl gallate, 
and punicacortein (Su et al., 1987), and ascorbic acid is also well-known as a synergist to 
-tocopherol. 4-Amino-4-carboxychroman-2-one (15) may contribute to the antioxidant 
activity of prunes by the synergistic effect on CQA isomers. 
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Table 14.  Synergistic effect of compound 15 on oxygen 
radical absorbance capacity (ORAC) of caffeoylquinic acid 
isomers 
 
 ORAC (unit/mol) a 
 
3-O-caffeoylquinic acid (3-CQA) 3.89  0.52 
4-O-caffeoylquinic acid (4-CQA) 3.99  0.12 
5-O-caffeoylquinic acid (5-CQA) 3.39  0.02 
3-CQA
b
 + 15 (1 M + 1 M) 5.84  0.08 
3-CQA + 15 (1 M + 2M) 11.16  2.08 
4-CQA
c
 + 15 (1 M + 1 M)  5.98  0.23 
4-CQA + 15 (1 M + 2 M) 7.73  0.29 
5-CQA
d
 + 15 (1 M + 1M) 5.09  0.04 
5-CQA + 15 (1 M + 2 M) 8.70  0.46 
 
a
 ORAC values are expressed as 1 unit for 1 mol of Trolox 
equivalent. Each sample was measured in triplicate and data are 
presented as the mean values ± the standard deviations.  
b
 
3-CQA, 3-O-caffeoylquinic acid.  
c
 4-CQA, 4-O-caffeoylquinic 
acid.  
d
 5-CQA, 5-O-caffeoylquinic acid 
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V.  Discussion 
Recently, prunes have been recognized as healthy foods; however, there are only a 
few studies concerning the functional components in prunes. In this study, the functional 
substances in prunes such as CQA isomers and organic acids were quantified by HPLC 
analysis. 
In the improved HPLC analysis, it has become apparent that prunes contain 
relatively high amount of 4-CQA than other stone fruits and it was characteristic. 
Concerning the organic acids, it was revealed that prunes contain about 10 times higher 
contents of quinic acid than the value previously reported. Some investigators suggested 
that consumption of qunic acid acidify human urine by means of hippuric acid and 
prevent bacterial overgrowth of urinary tract infections (Schults, 1984); therefore, prunes 
intake might be useful for controlling urinary tract infections. 
It was reported that prunes show high antioxidant activity on the basis of ORAC 
than other fruits and vegetables (Agricultural Research Service, 1999), and it is also 
known that the major antioxidant components in prunes are CQA isomers. On this point, 
it was clarified that the contribution of CQA isomers to the antioxidant activity of prunes 
was about 30%. In addition, the hydrolyzed residue of prune extract also showed high 
antioxidant activity, and the existence of conjugated compounds such as 
proanthocyanidin was suggested. 
Isolation, structural elucidation, and evaluation of antioxidant activity of prune 
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components were also done. Two conformationl isomers of 3-CQA, four novel abscisic 
acid related compounds, a novel chromanon and a novel bipyrolle were isolated and their 
structure were elucidated on the basis of NMR and MS analyses. Five hydroxycinnamic 
acids, three benzoic acids, three abscisic acid related compounds, and both of two 
coumarins and lignans were isolated from prunes for the first time. These isolated 
phenolic compounds showed strong anti oxidant activity, and a novel chromanon 
exhibited synergistic effect on antioxidant activity of CQA isomers. It seemed that the 
antioxidant activity of prunes was highly dependent on CQA isomers with a contribution 
of other phenolic compounds and the new synergist. 
In conclusion, it was suggested that prunes are the functional foods for human 
health on the basis of its high antioxidant activity and large amounts of quinic acid. 
However, further investigation on antioxidant components in prunes, as well as effect on 
controlling urinary tract infections, are required and now in progress. 
 95 
VI.  Experimental 
1.  Apparatus 
1
H-, 
13
C- and 2D NMR (H-H COSY, 
1
H-
1
H Correlation Spectroscopy; HMQC, 
1
H-Detected Multiple Quantum Coherrence Spectrum; HMBC, 
1
H-Detected 
Multiple-bond Heteronuclear Multiple Quantum Coherrence Spectrum, nuclear 
Overhauser enhancement and exchange spectroscopy; NOESY) spectra were obtained 
with a Varian Unity plus 500 instrument (
1
H: 500 MHz, 
13
C: 125 MHz; Varian Inc., Palo 
Alto, CA) at 25 C and referenced to the residual proton solvent resonance (CD3OD at 
3.30 ppm for 
1
H- and 49.0 ppm for 
13
C-NMR, and acetone-d6 at 2.05 ppm for 
1
H- and 
29.8 ppm for 
13
C-NMR). MS analysis was performed on a Hitachi M-1200AP mass 
spectrometer (Hitachi, Ltd., Tokyo, Japan) with atmospheric pressure chemical ionization 
(APCI) interface, and HR-MS analysis was carried out on a JMS 700T mass 
spectrometer (Jeol Ltd., Tokyo, Japan) with a fast atom bombardment (FAB) ionization 
interface, both of using a methanol (MeOH) solvent. Optical rotations were measured 
using Jasco P-1030 automatic digital polarimeter (Jasco Co., Tokyo, Japan). HPLC 
analysis for phenolic compounds was carried out using a Waters 600E multisolvent 
delivery system equipped with a 717plus autosampler and a 996 photodiode array 
detector (Waters Co., Milford, MA). HPLC analysis for organic acids was performed 
using an LC-VP System (Shimadzu Corp., Kyoto, Japan) equipped with a SIL-HTc 
autosampler (Shimadzu Corp.) and a CDD-10A electroconductivity detector (Shimadzu 
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Corp.). The Omnion Oxidative Stability Instrument (Archer Daniels Midland Co., 
Decatur, IL) was used for the oxidative stability index (OSI) method described by Akoh 
(1994). ESR spectra were recorded on a JEOL JES-RE1X spectrometer (JEOL Ltd., 
Tokyo, Japan) using aqueous quartz flat cell (60 mm × 10 mm × 0.31 mm inner size). 
The Arvo 1420sx (Wallac Berthold Japan Co., Tokyo, Japan), a type of microplate reader, 
was used for the measurement of ORAC at an excitation wavelength of 530 nm and 
emission of 570 nm. Total phenolics assay, proanthocyanidin assay, and ferric 
thiocyanate method were performed on a Beckman DU640 spectrophotometer (Beckman 
Instruments, Inc., Fullerton, CA). IR spectra were run on a Perkin-Elmer 1800 instrument 
(Perkin-Elmer Inc., Wellesley, MA). Diaion HP-20 (Mitsubishi Chemical Co., Tokyo, 
Japan), Silica gel 60 (70 - 230 mesh, E. Merck, Darmstadt, Germany), Sephadex LH-20 
(Pharmacia Biotech AB, Uppsala, Sweden) and Chromatorex ODS DM1020T (100 - 200 
mesh, Fuji Silysia Chemical, Tokyo, Japan) were used for column chromatography. Silica 
gel 60 F254 plates (E. Merck, Darmstadt, Germany) and ODS plates (E. Merck, Darmstadt, 
Germany) were used for thin-layer chromatography (TLC). 
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2.  Plant materials 
Prunes, which are material for commercial prune extract (concentrated prune juice), 
and are called “natural condition prune (NC prune)” with moisture levels adjusted to 
21% (California Prune Board, 1997), and prune-making plums (Prunes domestica L), 
each of which is the d’Agen cultivar, were imported from California, United States. 
Frozen cranberry (Vaccinium macrocarpon) was provided from Shouei Food Corporation 
(Tokyo, Japan). Kiwi fruits (Actinidia deliciosa), plums (Prunus salicina), ume (Prunus 
mume), sweet cherry (Prunus avium) and black cherry (Prunus serotina) were purchased 
from a local supermarket in Nishinomiya, Japan. 
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3.  Standards and Chemicals 
Each chemical was obtained as follows, ammonium thiocyanate, L-ascorbic acid, 
2,2-azobis(2-amidinopropane)dihydrochloride (AAPH), caffeic acid, p-coumaric acid, 
ferrous chloride, Folin-Ciocalteu reagent, 5-hydroxymethylfurfural, 7-methoxycoumarin, 
protcatechuic acid, rutin, and -tocopherol from Wako Pure Chemical Ins. (Osaka, 
Japan); chlorogenic acid (5-CQA), quinic acid, 2,6-di-tert-butyl-4-methylphenol 
(butylated hydroxytoluene, BHT), ()-epicatechin, and 6-hydroxy-2,5,7,8- 
tetramethylchroman-2-carboxylic acid (Trolox) from Aldrich Chem. Co. (Milwaukee, 
WI); linoleic acid, malic acid, and methyl linoleate from Tokyo Chemical Industry Co., 
Ltd. (Tokyo, Japan); delphinidin chloride from Funakoshi Co., Ltd (Tokyo, Japan); 
diethylenetriamine-N, N, N΄, N˝, N˝-pentaacetic acid (DTPA) from Dojindo Laboratories 
(Kumamoto, Japan); 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) from LABOTEC Co. 
(Tokyo, Japan); hypoxanthine (HPX) from Sigma Chemical Co. (St. Louis, MO); 
-phycoerythrin (from Porphyridium cruentum) from Molecular Probes, Inc. (Eugene, 
OR); silicon oil from Toshiba Silicon Co., Ltd. (Tokyo, Japan); xanthine oxidase (XOD) 
from Boehringer Mannheim Co. (Mannheim, Germany); All commercial standards were 
of the analytical highest grade. 
The compounds, 3-CQA and 4-CQA, were prepared from 5-CQA using the method 
described by Nagels et al. (1980). The purity of these compounds was higher than 99 % 
for 3-CQA, and 96.5 % for 4-CQA by HPLC analysis. The 
1
H and 
13
C NMR spectra of 
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3-CQA are shown in Table 8 and gave good agreement with the literature (Pauli et al., 
1999; Pauli et al., 1998). 
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4.  HPLC analysis 
(1)  Phenolic compounds 
For sample preparation of prune fractions, 10 mg of each sample was dissolved in 5 
mL of 50% aqueous MeOH. Prune fruits was pitted, cut into small pieces, and then was 
crushed in an Oster Blender EX (Sunbeam Co., Delray Beach, FL). A portion (10 g) of 
sample was weighed and homogenized with 100 mL of MeOH in a homogenizer 
(Matsushita Electric Co., Osaka, Japan) for 5 min. After homogenization, the mixture 
was transferred into a flask, added with 50 mL of MeOH, and refluxed for 30 min. The 
mixture was filtered and the residue was re-extracted with additional 100 mL of MeOH. 
This procedure was repeated five times. The combined filtrate was evaporated in vacuo 
to remove the MeOH. The aqueous residue was filled up to 100 mL with water.  
Standards of 3-CQA, 4-CQA, 5-CQA, 5-hydroxymethylfurfural, caffeic acid, 
p-coumaric acid, protocatechuic acid, rutin, ()-epicatechin, and 7-methocycoumarin 
were dissolved in 50% MeOH to make a concentration of 1 – 6 ppm. The sample and 
standard solutions were filtered through 0.45 m cellulose syringe-tip filters (Sartorius K. 
K., Tokyo, Japan) and analyzed by means of HPLC with the conditions as follows; 
column, Symmetry C18, 4.6 × 250 mm, 5 m (Waters Co., Milford, MA); column temp., 
40 C; mobile phase, A = 50 mM NH4H2PO4 at pH 2.60, B = 80 % acetonitrile + 20 % A, 
C = 200 mM o-phosphoric acid at pH 1.50; flow rate, 1.0 mL/min; gradient, 0.00 
min, %A, = 100.0, 4.00 min, %A = 92.0, %B = 8.0, 10.00 min, %B = 14.0; %C = 86.0, 
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22.50min, %A = 1.5; %B = 16.5; %C = 82.0, 27.50 min, %B = 21.5, %C = 78.5, 45.00 
min, %B = 50.0, %C = 50.0, 47.50 min, %A = 100.0, 55.00 min, %A = 100.0; gradient 
curve, linear gradient; injection volume, 10 L; detection, photodiode array (200 - 600 
nm). These conditions refer to the method by Donovan et al. (1998), and are added some 
modification on gradient. Each peak detected in the sample solutions was identified by 
comparing the retention time and UV-Vis spectra provided by a photodiode array detector, 
and was quantified by calibration with the standards. 
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(2)  Organic acids 
Prunes were pitted, cut into small pieces, frozen in liquid nitrogen, and crushed with 
an Oster Blender EX (Sunbeam Co., Delray Beach, FL) to provide analytical sample 
powder. The edible part of prune-making plums or other fresh fruits was cut into small 
pieces and was frozen in liquid nitrogen. Immediately after freezing, they were crushed 
with the blender and were lyophilized to give sample powder. A portion (30 g) of each 
sample powder (prunes, prune-making plums, or other fruits) was weighed exactly, added 
with 100 mL of 90% ethanol, and mechanically shaken for 10 min at room temperature. 
The mixture was centrifuged (3,000 rpm, 10 min), the supernatant was removed, and the 
precipitate was re-extracted with another portion of 90% ethanol. This procedure was 
repeated 19 times. For the quantification of quinic acid and malic acid, each supernatant 
or combined supernatant was filtered through 0.45 m cellulose syringe-tip filters 
(Sartorius K. K., Tokyo, Japan), and analyzed by HPLC with the conditions described on 
below. 
Another extracting procedure was carried out under refluxing. A portion (5 g) of 
sample was weighed exactly, added with 50 mL of 50% aqueous MeOH, and the mixture 
was refluxed for 1 hour. After cooling at room temperature, the mixture was centrifuged, 
the supernatant was removed, and the precipitate was re-extracted for 3 or 5 times.  
Quantification of quinic acid and malic acid in each or combined supernatant was 
performed by HPLC analysis using an LC-VP System (Shimadzu Corp., Kyoto, Japan) 
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equipped with a SIL-HTc autosampler (Shimadzu Corp.) and a CDD-10A 
electroconductivity detector (Shimadzu Corp.). The HPLC conditions were as follows: 
separation conditions, column, Shim-pack SCR-102H (250 mm  7.8 mm i.d., Shimadzu 
Corp.), 2-column serial connection, equipped with Shim-pack SCR-102 HG (50 mm  
7.8 mm i.d., Shimadzu Corp.) as guard column; column temperature, 50C; mobile phase, 
2 mM p-toluensulfonic acid; flow rate, 0.8 mL/min; detection conditions, reagents, 8 mM 
Bis-Tris aqueous solution containing 2 mM p-toluensulfonic acid and 40 M EDTA; 
flow rate, 0.8 mL/min; polarity, +; temperature, 43C. Standard organic acids were 
dissolved in 50% MeOH to make a concentration of 6.4 – 160 ppm for quinic acid and 
1.6 – 40 ppm for malic acid, and these acids in each sample solution were quantified by 
calibration with the standards. 
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5.  Total phenolics assay 
Total phenolics in each fraction were measured using Folin-Ciocalteu reagent with 
chlorogenic acid as a standard. Each fraction was dissolved in 50% MeOH at 1  50 
mg/mL, and 0.5 mL of the sample solution was diluted with 12 mL of H2O. After 
addition of 2 mL of 2 M Na2CO3 (in H2O), sample solutions were stored at 20 °C for 1 hr. 
Then to the mixture was added 0.6 mL of Folin-Ciocalteu reagent which was diluted 
2-fold before use. These prepared samples were further diluted with H2O to 20 mL, 
stored at 20 °C for 1 hr again, and then the optical density of each sample solution at 675 
nm was measured using the spectrophotometer. Total phenolics were quantified by 
calibration using the standard chlorogenic acid solution (0.05 – 1.5 mg/mL in H2O). 
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6.  Proantocyanidin assay 
Proanthocyanidin of EtOH extract residue was measured by colorimetry assay 
according to the method described in an earlier report (Waterman and Mole, 1994). A 
portion (50 mg) of ethanol extract residue (freeze-dried) was weighed in a screw-capped 
tube to which was added 7 mL of 0.6 N HCl in n-butanol (BuOH) with 0.07% of ferrous 
sulfate. The prepared sample was vortexed for 1 min, heated at 95 C for 1 hr, and 
filtered. The filtrate was diluted to 20 mL with 0.6 N HCl-BuOH, and then the optical 
density of sample solution at 550 nm was measured using the spectrophotometer and 
anthocyanidin was quantified with delphinidin as a standard (0.5 – 4 mg/100 mL in 0.6 N 
HCl-BuOH). The analysis was run in duplicate and the data were shown as mean values. 
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7.  Extraction, fractionation, and isolation 
Extracting procedures were carried out total three times. For the 1st extraction, 
prune fruits (11.24 kg) were pitted, cut into small pieces and homogenized for 5 min with 
8 L of 90% aqueous ethanol. After filtration of the extract, another 8-L portion of 
aqueous ethanol was added to the residue. This procedure was repeated four times. The 
combined extract was evaporated in vacuo to remove ethanol, then 4.4 L of hexane was 
added to the concentrated extract and the mixture was partitioned between hexane and 
H2O. Another portion of hexane (4.4 L) was added to the H2O-soluble fraction and this 
procedure was repeated five times. The hexane-soluble fractions were combined and 
evaporated in vacuo to give concentrate (77.54 g). The H2O-soluble fraction was 
separated by Diaion HP-20 column chromatography using H2O as an eluting solution 
followed by elution with MeOH, and each solution was evaporated in vacuo to give the 
H2O eluate (4770 g) and the MeOH eluate (70.40 g). 
A portion of the MeOH eluate (65 g) was rechromatographed over a column of 
Sephadex LH-20 gel using 80% aqueous acetone as the mobile phase to give nine 
fractions (fractions 1 ~ 9) by monitoring with silica gel and ODS TLC analysis.  
Fraction 5 (7.45 g) was subjected to ODS column chromatography to give fractions 
5-1 ~ 5-50. Fraction 5-8 (80.9 mg) was subjected on a silica gel column chromatography 
with ethyl acetate (EtOAc)/MeOH/H2O/acetic acid (AcOH) (85:10:5:1) followed by 
CH2Cl2/MeOH (15:1) to afford compound 28 (6 mg). Fraction 5-9 (71.4 mg) was 
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rechromatographed on a column of silica gel with EtOAc/MeOH/H2O/AcOH (85:10:5:1) 
followed by ODS (H2O/MeOH, 75:25) and Sephadex LH-20 (MeOH) column 
chromatography to afford compound 1 (7 mg), compound 3 (3 mg), and compound 14 (4 
mg). Fraction 5-10 (74.6 mg) was subjected to silica gel column chromatography with 
EtOAc/MeOH/H2O/AcOH (85:10:5:1) to give compound 5 (11 mg). Fraction 5-11 ~ 5-13 
were combined (249 mg) and rechromatographed on a column of silica gel with 
/MeOH/H2O/AcOH (77.5:15:7.5:0.7) and Sephadex LH-20 (MeOH) followed by 
recrystallization (MeOH/Ac) to afford compound 2 (15 mg). Fraction 5-16 (71.8 mg) was 
subjected to silica gel column chromatography with EtOAc/MeOH/H2O/acetic acid 
(85:10:5:1) to give compound 12 (4 mg). Fraction 5-18 (39 mg) was rechromatographed 
on a column of silica gel with hexane/EtOAc (60:40), ODS with H2O/CH3CN (70:30), 
and silica gel with EtOAc/MeOH/H2O (70:20:10) to afford compound 15 (4 mg). 
Fraction 5-27 (372.0 mg) was further purified by ODS column chromatography with 
CH3CN/H2O (9:1) followed by rechromatography on a column of silica gel with 
EtOAc/MeOH/H2O/ AcOH (70:20:10) to afford compound 4 (5 mg) and compound 29 (7 
mg). 
Fraction 7 (8.06 g) was subjected to silica gel column chromatography with 
EtOAc/MeOH/H2O/ AcOH (70:20:10:1) to give fraction 7-1  7-5. Fraction 7-1 was 
further purified by silica gel column chromatography with CH2Cl2/Ac (7:3) followed by 
rechromatography on a column of Sephadex LH-20 with MeOH to afford compound 6 (4 
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mg), compound 13 (3 mg), and compound 27 (4 mg). 
For the 2nd extraction, pitted prune fruits (7.08 kg) were swelled with 14 L of 90% 
aqueous ethanol followed by homogenizing. After filtration, another 6-L portion of 95% 
aqueous ethanol was added to the residue and re-homogenized. This procedure was 
repeated five times. The combined extract was evaporated in vacuo to remove ethanol, 
and then 5 L of n-hexane was added to the residual extract, and the mixture was 
partitioned between hexane and H2O. Another portion of hexane (5 L) was added to the 
H2O-soluble fraction, and this procedure was repeated five times. The hexane-soluble 
fractions were combined and evaporated in vacuo to give concentrate (74.2 g). The 
H2O-soluble fraction was separated by Diaion HP-20 column chromatography using H2O 
as an eluting solution followed by elution with MeOH and acetone, and each solution 
was evaporated in vacuo to give the H2O eluate (2806 g), the MeOH eluate (44.3 g) and 
the acetone eluate (0.9 g). The MeOH eluate (44.0 g) was rechromatographed on 
Sephadex LH-20 gel using 80% aqueous acetone as a mobile phase to give four fractions 
(fractions 1 ~ 4) by monitoring with silica gel and ODS TLC analysis. Fraction 2 (6.77 g) 
was further subjected to ODS column chromatography eluted with H2O/CH3CN (95:5) to 
afford fifteen fractions (fractions 2-1 ~ 2-15). Fraction 2-4 (0.50 g) was 
rechromatographed over ODS gel eluted with H2O/CH3CN (90:10) to give five fractions 
(fractions 2-4-1 ~ 2-4-5). Each fraction of 2-4-2 and 2-4-3 was purified on ODS column 
chromatography [H2O/CH3CN (90:10)] to give compound 21 (1.7 mg) and 18 (2.8 mg). 
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Fraction 2-4-4 was applied to a Sephadex LH-20 column eluted with 80% aqueous 
acetone to give compound 19 (5.7 mg). Fraction 2-8 (0.60 g) was rechromatographed 
over successive column of ODS [H2O/CH3CN (80:20)] and silica gel 
[EtOAc/MeOH/H2O (70:20:10)] to afford compound 20 (3.8 mg) and compound 22 (7.0 
mg). Rechromatography of fraction 2-11 (1.30 g) over Sephadex LH-20 eluted with 
MeOH gave compound 24 (34.1 mg). Fraction 2-12 (0.25 g) was subjected to a Sephadex 
LH-20 column eluted with MeOH to give five fractions (fractions 2-12-1 ~ 2-12-5). 
Fraction 2-12-3 was further purified on silica gel column chromatography 
[CH2Cl2/MeOH (80:20)] to afford compound 25 (14.7 mg). Fraction 2-12-4 was purified 
by successive column chromatography using ODS gel [H2O/CH3CN (80:20)] and silica 
gel [CH2Cl2/MeOH (80:20)] to give compound 26 (4.6 mg). Fraction 2-14 (0.21 g) was 
purified on a silica gel column eluted with CH2Cl2/MeOH (90:10), and then Sephadex 
LH-20 column (isopropylalchol) to afford compound 23 (2.4 mg). 
For the 3rd extraction, prune fruits (1.2 kg) were extracted with 90% ethanol, and 
the extract was partitioned between hexane and H2O. The H2O-soluble fraction was 
separated by Diaion HP-20 column chromatography using H2O as an eluting solution 
followed by elution with 20%, 50% and 100% MeOH. The fractions, 50% MeOH eluate 
showed high antioxidant activity and low content of CQA isomers. The 50% MeOH 
eluate was further purified by Sephadex LH-20 column chromatography to give fractions 
1 ~ 5. Fraction 3 (1220 mg) was subjected to preparative HPLC followed by Diaion 
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HP-20 (H2O-MeOH) and silica gel (EtOAc/MeOH/H2O) column chromatography to 
afford compound 7 (6 mg), compound 8 (5 mg), compound 9 (3 mg), compound 10 (7 
mg), compound 11 (7 mg), and compound 17 (2 mg). Fraction 4 (202 mg) was also 
subjected to preparative HPLC followed by Diaion HP-20 (H2O-MeOH) and silica gel 
(EtOAc/MeOH/H2O) column chromatography to obtain compound 16 (2 mg) and 
compound 30 (6 mg).  
The conditions of preparative HPLC were as follows; column, Develosil ODS-HG-5, 
25 × 250 mm, 5 m (Nomura Chemical Co., Aichi, Japan) equipped with Develosil 
ODS-UG-5, 25 × 50 mm, 5 m (Nomura Chemical Co., Aichi, Japan) as a guard column; 
flow rate, 15 mL/min; other conditions are as same as those of analytical HPLC 
conditions for phenolic compounds described in IV. 4. (1). 
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8.  Acetylation 
Three mg of prepared 3-CQA, compound 1, or 2 was dissolved in 3 mL of pyridine 
and heated with hot air. After addition of 3 mL of acetic anhydride, sample solution was 
heated again and was allowed to stand overnight at room temperature. Extraction with 
ethyl acetate from reaction mixture led to give 3-O-caffeoylquinic acid pentaacetate 
(Figure 2) from 3-CQA, and 3-O-caffeoylquinide tetraacetate (Figure 2) from 1 and 2. 
Another acetylation was carried out with acetyl chloride. Two mg of 3-CQA, 1, or 2 was 
dissolved in 10 mL of acetyl chloride and heated at 60  70 C for 5 – 6 hr to afford 
3-O-caffeoylquinic acid pentaacetate from 3-CQA, 1, and 2. The NMR data of 
3-O-caffeoylquinic acid pentaacetate and 3-O-caffeoylquinide tetraacetate are as follows: 
3-O-caffeoylquinic acid pentaacetate: 
1
H NMR (500 MHz, CD3OD)  1.99 (1H, dd, 
J=10.9, 13.8 Hz, H-6ax), 2.03 (3H, s, H-4Ac), 2.06 (3H, s, H-5Ac), 2.10 (3H, s, H-1Ac), 
2.32 (3H, s, H-4′Ac), 2.33 (3H, s, H-3′Ac), 2.42 (1H, dd, J=3.4, 15.9 Hz, H-2ax), 2.65 
(1H, brdd, H-6ax), 2.78 (1H, brdd, H-2eq), 5.08 (1H, dd, J=3.5, 9.9 Hz, H-4), 5.53 (1H, 
ddd, J=4.3, 9.9,10.9 Hz, H-5), 5.65 (1H, ddd, J=3.4, 3.4, 3.5 Hz, H-3), 6.37 (1H, d, 
J=16.1 Hz, H-8′), 7.25 (1H, d, J=8.3 Hz, H-5′), 7.38 (1H, d, J=2.0 Hz, H-2′), 7.43 (1H, dd, 
J=2.0, 8.3 Hz, H-6′), 7.76 (1H, d, J=16.1 Hz, H-7′); 13C NMR (125 MHz, CD3OD)  20.6 
(C-1Ac), 20.6 (C-4Ac), 20.6 (C-5Ac), 20.6 (C-3′Ac), 20.6 (C-4′Ac), 31.9 (C-2), 36.6 
(C-6), 66.5 (C-5), 68.2 (C-3), 71.6 (C-4), 78.5 (C-1), 118.4 (C-8′), 122.9 (C-2′), 124.1 
(C-5′), 126.5 (C-6′), 132.8 (C-1′), 142.5 (C-3′), 143.8 (C-7′), 143.9 (C-4′), 165.4 (C-9′), 
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168.0 (C-4′Ac), 168.1 (C-3′Ac), 169.8 (C-1Ac), 170.0 (C-5Ac), 170.2 (C-4Ac), 170.2 
(C-7). 
3-O-caffeoylquinide tetraacetate: 
1
H NMR (500 MHz, CD3OD)  2.16 (6H, s, 
H-1Ac, H-4Ac), 2.31 (3H, s, H-4′Ac), 2.32 (3H, s, H-3′Ac), 2.39 (1H, dd, J=10.7, 11.0 
Hz, H-2ax), 2.40 (1H, ddd, J=2.2, 7.6, 11.0 Hz, H-2eq), 2.59 (1H, d, J=11.7 Hz, H-6ax), 
3.11 (1H, ddd, J=2.2, 6.0, 11.7 Hz, H-6eq), 4.91 (1H, dd, J=5.0, 6.0 Hz, H-5), 5.27 (1H, 
ddd, J=4.8, 7.6, 10.7 Hz, H-3), 5.56 (1H, dd, J=4.8, 5.0 Hz, H-4), 6.29 (1H, d, J=16.1 Hz, 
H-8′), 7.23 (1H, d, J=8.5 Hz, H-5′), 7.36, (1H, d, J=2.0 Hz, H-2′), 7.40 (1H, dd, J=2.0, 
8.5 Hz, H-6′), 7.62 (1H, d, J=16.1 Hz, H-7′); 13C NMR (125 MHz, CD3OD)  20.7 
(C-3′Ac), 20.7 (C-4′Ac), 20.8 (C-4Ac), 21.1 (C-1Ac), 33.7 (C-2), 34.0 (C-6), 64.9 (C-4), 
66.1 (C-3), 73.7 (C-5), 76.2 (C-1), 117.8 (C-8′), 122.8 (C-2′), 124.0 (C-5′), 126.7 (C-6′), 
132.9 (C-1′), 142.5 (C-3′), 143.8 (C-4′), 144.3 (C-7′), 164.6 (C-9′), 168.0 (C-4′Ac), 168.1 
(C-3′Ac), 169.2 (C-1Ac), 169.2 (C-4Ac), 171.1 (C-7). 
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9.  Spectral data of isolated compounds 
Compound 1 
3-O-Caffeoylquinic acid (skewed boat form): pale yellow powder; []25D +45.1 
(c0.49, MeOH); APCI MS, m/z 355 [M1]; 1H and 13C NMR data are shown in Table 8. 
 
Compound 2 
3-O-Caffeoylquinic acid (alternative-chair form): colorless powder; APCI MS, m/z 
355 [M1]; []24D +28.2 (c0.45, MeOH); 
1
H and 
13
C NMR data are shown in Table 8. 
 
Compound 3 
4-O-Caffeoylquinic acid: colorless powder; APCI MS, m/z 355 [M1]; []25D 
.2 (c0.55, MeOH); 1H NMR (500 MHz, CD3OD)
  2.00 (1H, dd, J=11, 13Hz, H-6ax), 
2.06 (1H, ddd, J=3, 4, 14Hz, H-2eq), 2.17 (1H, dd, J=4, 14Hz, H-2ax), 2.20 (1H, ddd, 
J=3, 5, 13Hz, H-6eq), 4.27 (1H, ddd, J=4, 9, 11Hz, H-5), 4.28 (1H, ddd, J=3, 3, 4Hz, 
H-3), 4.79 (1H, dd, J=3, 9Hz, H-4), 6.37 (1H, d, J=16Hz, H-8′), 6.77 (1H, d, J=8Hz, 
H-5′), 6.96 (1H, dd, J=2, 8Hz, H-6′), 7.06 (1H, d, J=2Hz, H-2′), 7.65 (1H, d, J=16Hz, 
H-7′); 13C NMR (125 MHz, CD3OD)  38.4 (C-2), 42.7 (C-6), 65.5 (C-5), 69.6 (C-3), 
76.6 (C-1), 79.3 (C-4), 115.1 (C-2′), 115.4 (C-8′), 116.5 (C-5′), 123.0 (C-6′), 127.8 (C-1′), 
146.8 (C-3′), 147.1 (C-7′), 149.6 (C-4′), 169.0 (C-9′), 177.3 (C-7). 
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Compound 4 
5-O-Caffeoylquinic acid: colorless powder; APCI MS, m/z 355 [M1]; []24D, 
 (c0.50, MeOH); 1H NMR (500 MHz, CD3OD) 2.04 (1H, ddd, J=2.0, 5.4, 14.0 Hz, 
H-2eq), 2.07 (1H, dd, J=9.5, 12.9 Hz, H-6ax), 2.17 (1H, dd, J=3.2, 14.2 Hz, H-2ax), 2.22 
(1H, ddd, J=2.0, 4.3, 13.3 Hz, H-6ax), 3.72 (1H, ddd, J=3.2, 8.3 Hz, H-4), 4.16 (1H, ddd, 
J=3.2, 3.2, 5.4 Hz, H-3), 5.33 (1H, ddd, J=4.2, 8.9, 8.9 Hz, H-5), 6.25 (1H, d, J=15.9 Hz, 
H-8′), 6.77 (1H, d, J=8.3 Hz, H-5′), 6.95 (1H, dd, J=2.1, 8.4 Hz, H-6), 7.04 (1H, d, J=2.0 
Hz, H-2′), 7.55 (1H, d, J=15.9 Hz, H-7′); 13C NMR (125 MHz, CD3OD) 38.7 (C-6), 
38.2 (C-2), 71.3 (C-3), 72.0 (C-5), 73.4 (C-4), 76.1 (C-1), 115.15 (C-2′), 115.23 (C-8′), 
116.4 (C-5′), 123.0 (C-6′), 127.8 (C-1′), 146.8 (C-3′), 147.1 (C-7′), 149.6 (C-4′), 168.6 
(C-9′), 177.0 (C-7). 
 
Compound 5 
3-O-Caffeoylquinic acid methyl ester: colorless powder; APCI MS, m/z 367 
[M1]; 1H NMR (500 MHz, CD3OD)  2.00 (1H, dd, J=9.0, 14.0 Hz, H-6ax), 2.10 (1H, 
m, H-2ax, 6eq), 2.20 (1H, dd, J=4.0, 14.0 Hz, H-2eq), 3.68 (1H, dd, J=3.0, 8.0 Hz, H-4), 
3.72 (3H, s, H-8), 4.11 (1H, ddd, J=4.0, 8.0, 8.0 Hz, H-5), 5.35 (1H, ddd, J=4.0, 4.0, 6.0 
Hz, H-3), 6.30 (1H, d, J=16.0 Hz, H-8′), 6.76 (1H, d, J=8.5 Hz, H-5′), 6.94 (1H, dd, 
J=2.0, 8.5 Hz, H-6′), 7.04 (1H, d, J=2.0 Hz, H-2′), 7.58 (1H, d, J=16.0 Hz, H-7′); 13C 
NMR (125 MHz, CD3OD)  36.4 (C-2), 40.8 (C-6), 52.8 (C-8), 68.6 (C-5), 72.6 (C-3), 
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73.8 (C-4), 75.3 (C-1), 115.1 (C-2′), 115.7 (C-8′), 116.4 (C-5′), 122.9 (C-6′), 127.9 (C-1′), 
146.8 (C-3′), 146.8 (C-7′), 149.5 (C-4′), 168.9 (C-9′), 176.4 (C-7). 
 
Compound 6 
4-O-Caffeoylquinic acid methyl ester: colorless powder; APCI MS, m/z 367 
[M1] 1H NMR (500 MHz, CD3OD)  2.02 (1H, dd, J=9.7, 15.6 Hz, H-6ax), 2.03 (1H, 
ddd, J=2.3, 5.8, 14.2 Hz, H-2eq), 2.15 (1H, ddd, J=2.3, 4.3, 15.6 Hz, H-6eq), 2.19 (1H, 
dd, J=3.0, 14.2 Hz, H-2ax), 3.74 (3H, s, H-8), 4.24 (1H, ddd, J=4.3, 8.9, 9.7 Hz, H-5), 
4.28 (1H, ddd, J=3.0, 3.2, 5.8 Hz, H-3), 4.81 (1H, dd, J=3.2, 8.9 Hz, H-4), 6.35 (1H, d, 
J=15.9 Hz, H-8′), 6.77 (1H, d, J=8.1 Hz, H-5′), 6.95 (1H, dd, J=2.0, 8.1 Hz, H-6′), 7.05 
(1H, d, J=2.0 Hz, H-2′), 7.62 (1H, d, J=15.9 Hz, H-7′); 13C NMR (125 MHz, CD3OD)  
38.4 (C-2), 42.1 (C-6), 52.9 (C-8), 65.7 (C-5), 68.9 (C-3), 76.4 (C-1′), 78.6 (C-4), 115.1 
(C-2′), 115.7 (C-8′), 116.5 (C-5′), 123.0 (C-6′), 127.8 (C-1′), 146.8 (C-3′), 147.1 (C-7′), 
149.6 (C-4′), 168.9 (C-9′), 175.7 (C-7). 
 
Compound 7 
Caffeic acid: colorless powder; APCI MS, m/z 179 [M1]1H NMR (500 MHz, 
CD3OD)  6.21 (1H, d, J=16.0 Hz, H-8), 6.76 (1H, d, J=8.0 Hz, H-5), 6.90  (1H, dd, 
J=2.0, 8.0 Hz, H-6), 7.02 (1H, d, J=2.0 Hz, H-2), 7.52 (1H, d, J=16.0 Hz, H-7). 
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Compound 8 
Caffeic acid methyl ester: colorless powder; APCI MS, m/z 195 [M1]; 1H NMR 
(500 MHz, CD3OD) 3.75 (3H, s, 9-OCH3), 6.25 (1H, d, J=16.0 Hz, H-8), 6.77 (1H, d, 
J=8Hz, H-5), 6.93 (1H, dd, J=2.0, 8.0 Hz, H-6), 7.02 (1H, d, J=2.0 Hz, H-2), 7.53 (1H, d, 
J=16.0 Hz, H-7); 
13
C NMR (125 MHz, CD3OD) 52.0 (C-10), 114.8 (C-8), 115.1 (C-2), 
116.5 (C-5), 122.9 (C-6), 127.7 (C-1), 146.8 (C-4), 146.9 (C-7), 149.6 (C-3), 169.7 
(C-9). 
 
Compound 9 
p-Coumaric acid: colorless powder; APCI MS, m/z 163 [M1]; 1H NMR (500 MHz, 
CD3OD)  6.28 (1H, d, J=15.9 Hz, H-8), 6.79 (2H, dd, J=2.4, 9.1 Hz, H-2, 6), 7.44 (2H, 
dd, J=2.4, 9.1 Hz, H-3, 5), 7.57 (1H, d, J=15.9 Hz, H-8) 
 
Compound 10 
Coniferin: colorless powder; APCI MS, m/z 341 [M1]; 1H NMR (500 MHz, 
CD3OD)  3.39 (2H, m, H-4′, 5′), 3.45 (1H, dd, J=9.1, 9.2 Hz, H-3′), 3.49 (1H, dd, J=8.3, 
8.3 Hz, H-2′), 3.68 (1H, dd, J=5.2, 12.1 Hz, H-6′), 3.86 (1H, dd, J=1.7, 12.1 Hz, H-6′), 
3.87 (3H, s, H-10), 4.20 (2H, dd, J=1.6, 5.7 Hz, H-9), 6.27 (1H, dt, J=5.7, 15.7 Hz, H-8), 
6.54 (1H, dt, J=1.6, 15.7 Hz, H-7), 6.94 (1H, dd, J=2.0, 8.3 Hz, H-6), 7.06 (1H, d, J=2.0 
Hz, H-2), 7.10 (1H, d, J=8.3 Hz, H-5); 
13
C NMR (125 MHz, CD3OD)  57.0 (C-10), 62.5 
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(C-6′), 63.5 (C-9), 71.5 (C-5′), 75.0 (C-2′), 78.0 (C-3′), 78.5 (C-4′), 102.5 (C-1′), 111.5 
(C-2), 118.0 (C-5), 121.0 (C-6), 129.0 (C-8), 131.5 (C-7), 133.5 (C-1), 146.5 (C-4), 
151.0 (C-3). 
 
Compound 11 
Ferulic acid -D-glucopyranoside: yellow gum; 1H NMR (500 MHz, CD3OD)  3.39 
(1H, dd, J=8.5, 9.5 Hz, H-4′), 3,44 (1H, ddd, J=2.1, 5.4, 9.5 Hz, H-5′), 3.47 (1H, dd, 
J=8.5, 9.2 Hz, H-3′), 3.50 (1H, dd, J=7.3, 9.2 Hz, H-2′), 3.69 (1H, dd, J=5.4, 12.1 Hz, 
H-6′), 3.88 (1H, dd, J=2.1, 12.1 Hz, H-6′), 4.96 (1H, d, J=7.3 Hz, H-1′), 6.39 (1H, d, 
J=16.0 Hz, H-8), 7.14 (1H, dd, J=1.7, 8.5 Hz, H-6), 7.17 (1H, d, J=8.3 Hz, H-5), 7.24 
(1H, d, J=1.7 Hz, H-2), 7.60 (1H, d, J=16.0 Hz, H-7); 
13
C NMR (125 MHz, CD3OD)  
57.0 (C-10), 62.5 (C-6′), 71.0 (C-4′), 73.0 (C-3′), 73.5 (C-5′), 75.0 (C-2′), 102.5 (C-1′), 
112.5 (C-2), 117.0 (C-5), 118.0 (C-8), 123.5 (C-6), 131.0 (C-1), 146.0 (C-7), 150.0 (C-4), 
151.0 (C-3), 171.0 (C-9). 
 
Compound 12 
Protocatechuic acid: colorless powder; APCI MS, m/z 153 [M1]1H NMR (500 
MHz, acetone-d6)  6.89 (1H, d, J=8.3 Hz, H-5), 7.47 (1H, dd, J=2.0, 8.3 Hz, H-6), 7.52 
(1H, d, J=2.0 Hz, H-2). 
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Compound 13 
Vanillic acid: colorless powder; APCI MS, m/z  [M1]; 1H NMR (500 MHz, 
CD3OD)  3.89 (3H, s, 8-OCH3), 6.833 (1H, d, J=8.8 Hz, H-5), 7.55 (1H, dd, J=2.0, 8.8 
Hz, H-6), 7.55 (1H, d, J=2.0 Hz, H-2); 
13
C NMR (125 MHz, CD3OD) 113.7 (C-8), 
115.8 (C-5), 123.1 (C-1), 125.3 (C-6), 148.7 (C-3), 152.7 (C-4), 170.0 (C-7). 
 
Compound 14 
Vanillic acid -D-glucopyranoside: colorless powder; APCI MS, m/z 329 [M1]; 
1
H NMR (500 MHz, CD3OD)  3.40 (1H, dd, J=9.0, 9.6, H-4′), 3.46 (1H, ddd, J=2.0, 5.6, 
9.6 Hz, H-5′), 3.47 (1H, dd, J=8.8, 9.0 Hz, H-3′), 3.52 (1H, dd, J=7.6, 9.0 Hz, H-2′), 3.69 
(1H, dd, J=5.6, 12.2 Hz, H-6′), 3.88 (1H, dd, J=2.0, 12.2 Hz, H-6′), 3.89 (3H, s, H-8), 
5.00 (1H, d, J=7.6 Hz, H-1′), 7.19 (1H, d, J=8.3 Hz, H-5), 7.61 (1H, d, J=2.0 Hz, H-2), 
7.62 (1H, dd, J=2.0, 8.3 Hz, H-6); 
13
C NMR (125 MHz, CD3OD)  56.6 (C-8), 62.4 
(C-6′), 71.2 (C-4′), 74.8 (C-2′), 77.8 (C-3′), 78.3 (C-5′), 102.0 (C-1′), 114.3 (C-2), 116.3 
(C-5), 124.6 (C-6), 127.0 (C-1), 150.2 (C-3), 151.5 (C-4), 170.5 (C-7). 
 
Compound 15 
4-Amino-4-carboxychroman-2-one: colorless powder; []28D –9.7˚ (c0.42, MeOH); 
HR-FABMS, m/z 206.0482 [MH], calculated for 206.0453 [C10H9NO4H]

; UV 
(MeOH) max  (log ), 253 nm (3.33), 287 nm (2.75); IR max, 3391 cm
-1
 (NH2), 2925 
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cm
-1
 (CH2), 1736 cm
-1
 (-lactone), 1652 cm-1 (C=O); 1H-NMR (500 MHz, CD3OD)  
2.64 (1H, d, J=16.0 Hz, H-3), 2.79 (1H, d, J=16.0 Hz, H-3), 6.86 (1H, dd, J=1.0, 7.0 Hz, 
H-8), 6.99 (1H, ddd, J=1.0, 7.0, 8.0 Hz, H-6), 7.21 (1H, ddd, J=1.0, 7.0, 8.0 Hz, H-7), 
7.41 (1H, dd, J=1.0, 7.0 Hz, H-5); 
13
C-NMR (125 MHz, CD3OD)  43.3 (C-3), 75.5 
(C-4), 111.2 (C-8), 123.6 (C-6), 125.1 (C-5), 130.5 (C-7), 133.2 (C-10), 142.8 (C-9), 
176.8 (C-11), 181.2 (C-2). 
 
Compound 16 
Scopoletin: colorless powder; APCI MS, m/z 191 [M1]; 1H-NMR (500 MHz, 
CD3OD)  3.90 (3H, s, H-11), 6.20 (1H, d, J=10.0 Hz, H-3), 6.77 (1H, s, H-8), 7.12 (1H, 
s, H-5), 7.90 (1H, d, J=10.0 Hz, H-4); 
13
C-NMR (125 MHz, CD3OD)  56.8 (C-11), 
103.9 (C-8), 109.9 (C-5), 112.6 (C-3), 112.6 (C-10), 146.1 (C-4), 147.1 (C-6), 151.4 
(C-9), 152.9 (C-7), 164.1 (C-2). 
 
Compound 17 
Magnolioside: colorless powder; APCI MS, m/z 353 [M1]; 1H-NMR (500 MHz, 
CD3OD)  3.40 (1H, dd, J=9.0, 10.0 Hz, H-4′), 3.51 (3H, m, H-2′, 3′, 5′), 3.69 (1H, dd, 
J=6.0, 12.0 Hz, H-6′), 3.90 (1H, dd, J=2.0, 12.0 Hz, H-6′), 3.90 (3H, s, H-11), 5.06 (1H, 
d, J=8.0 Hz, H-1′), 6.30 (1H, d, J=10.0 Hz, H-3), 7.17 (1H, s, H-5), 7.20 (1H, s, H-8), 
7.89 (1H, d, J=10.0 Hz, H-4); 
13
C-NMR (125 MHz, CD3OD)  57.0 (C-11), 62.4 (C-6′), 
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71.2 (C-4′), 74.7 (C-3′), 77.8 (C-2′), 78.4 (C-5′), 102.0 (C-1′), 105.0 (C-10), 105.2 (C-5), 
110.7 (C-8), 114.5 (C-3), 145.7 (C-4), 148.3 (C-7), 150.7 (C-9), 151.7 (C-6), 163.5 (C-2). 
 
Compound 18 
rel-5-(1R,5S-Dimethyl-3R,4R,8S-trihydroxy-7-oxabicyclo[3,2,1]oct-8-yl)-3-methyl-
2Z,4E-pentadienoic acid: colorless viscous liquid; []23D –15.0
o
 (c 0.21, MeOH); UV 
(MeOH) max (log ), 260.2 (4.21) nm; IR (Nujol) max, 3600-2500, 1685, 1639, 1602 
cm
-1
; FABMS: m/z 389 [M+G-H]

, 297 [M-H]

; HR-FABMS: m/z 297.1340 [M-H]

 
(calcd for C15H21O6, 297.1338); 
1
H-NMR (500 MHz, CD3OD)  0.99 (3H, s 5′-CH3), 
1.14 (3H, s, 1′-CH3), 1.68 (1H, dd, J=10.5, 14.2 Hz, H-2′ax), 2.03 (1H, dd, J=7.8, 14.2 
Hz, H-2′eq), 2.08 (3H, d, J=1.5 Hz, 3-CH3), 3.48 (1H, dd, J=1.2, 8.5 Hz, H-4′ax), 3.57 
(1H, dd, J=1.5, 7.6 Hz, H-6′), 3.76 (1H, ddd, J=7.8, 8.5, 10.5 Hz, H-3′ax), 3.91 (1H, d, 
J=7.6 Hz, H-6′), 5.76 (1H, brs, H-2), 6.31 (1H, brd, J=15.9 Hz, H-5), 7.99 (1H, dd, J=0.7, 
15.9 Hz, H-4); 
13
C-NMR (125 MHz, CD3OD)  12.2 (5′-CH3), 19.4 (1′-CH3), 21.2 
(3-CH3), 43.8 (C-2′), 55.0 (C-5′), 72.3 (C-6′), 72.5 (C-3′), 78.1 (C-4′), 82.9 (C-8′), 86.9 
(C-1′), 119.4 (C-2), 132.1 (C-4), 134.8 (C-5), 151.3 (C-3), 169.6 (C-1). 
 
Compound 19 
rel-5-(1R,5S-Dimethyl-3R,4R,8S-trihydroxy-7-oxa-6-oxobicyclo[3,2,1]oct-8-yl)-3-
methyl-2Z,4E-pentadienoic acid: colorless viscous liquid; []23D –66.0
o
 (c 0.56, MeOH); 
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UV (MeOH) max (log ), 259.0 (4.07) nm; IR (Nujol) max, 3600-2500, 1757, 1685, 1654, 
1603, 1169 cm
-1
; FABMS, m/z 403 [M+G-H]

, 311 [M-H]

; HR-FABMS: m/z 311.1128 
[M-H]

 (calcd for C15H19O7, 311.1125); 
1
H-NMR (500 MHz, CD3OD)  1.18 (3H, s 
5′-CH3), 1.33 (3H, s, 1′-CH3), 1.83 (1H, dd, J=9.8, 14.5 Hz, H-2′ax), 2.06 (3H, d, J=1.2 
Hz, 3-CH3), 2.31 (1H, dd, J=7.3, 14.5 Hz, H-2′eq), 3.53 (1H, d, J=9.8 Hz, H-4′ax), 3.58 
(1H, ddd, J=7.3, 9.8, 9.8 Hz, H-3′ax), 5.81 (1H, mrs, H-2), 6.27 (1H, brd, J=16.1 Hz, 
H-5), 8.02 (1H, brd, J=16.1 Hz, H-4); 
13
C-NMR (125 MHz, CD3OD)  10.3 (5′-CH3), 
18.5 (1′-CH3), 21.0 (3-CH3), 40.5 (C-2′), 59.1 (C-5′), 72.3 (C-3′), 76.6 (C-4′), 82.6 (C-8′), 
89.1 (C-1′), 120.7 (C-2), 132.0 (C-5), 133.4 (C-4), 150.5 (C-3), 169.5 (C-1), 178.9 
(C-6′). 
 
Compound 20 
rel-5-(3S,8S-Dihydroxy-1R,5S-dimethyl-7-oxa-6-oxobicyclo[3,2,1]oct-8-yl)-3-
methyl-2Z,4E-pentadienoic acid: colorless solid; []25D –56.7˚ (c0.26, MeOH); UV 
(MeOH) max (log ), 258.4 (4.27) nm; IR (Nujol) max: 3600-2500, 1757, 1685, 1654, 
1602, 1169 cm
-1
; FABMS: m/z 387 [M+G-H]

, 295 [M-H]

; HR-FABMS: m/z 295.1196 
[M-H]

 (calcd for C15H19O6, 295.1182); 
1
H-NMR (500 MHz, CD3OD)  1.07 (3H, s, 
5′-CH3), 1.34 (3H, s, 1′-CH3), 1.72 (1H, dd, J=11.1, 13.6 Hz, H-4′ax), 1.84 (1H, dd, 
J=10.1, 14.3 Hz, H-2′ax), 1.89 (1H, ddd, J=1.7, 7.1, 13.6 Hz, H-4′ax), 2.06 (3H, d, J=1.2 
Hz, 3-CH3) 2.23 (1H, ddd, J=1.7, 7.1, 14.3 Hz, H-2′eq), 3.83 (1H, dddd, J=7.1, 7.1, 10.1, 
 122 
11.1 Hz, H-3'ax), 5.83 (1H, brs, H-2), 6.38 (1H, dd, J=0.5, 16.1 Hz, H-5), 7.97 (1H, dd, 
J=0.7, 16.1 Hz, H-4); 
13
C-NMR (125 MHz, CD3OD)  14.5 (5′-CH3), 18.5 (1′-CH3), 20.9 
(3-CH3), 41.0 (C-4′), 42.3 (C-2′), 53.5 (C-5′), 65.2 (C-3′), 82.8 (C-8′), 89.8 (C-1′), 122.2 
(C-2), 131.3 (C-5), 133.5 (C-4), 148.5 (C-3), 171.0 (C-1), 181.1 (C-6′). 
 
Compound 21 
rel-5-(3S,8S-Dihydroxy-1R,5S-dimethyl-7-oxa-6-oxobicyclo[3,2,1]oct-8-yl)-3-
methyl-2Z,4E-pentadienoic acid 3′-O--D-glucopyranoside: colorless viscous liquid; 
[]22D –33.2
o
 (c 0.09, MeOH); UV (MeOH) max (log ), 258.6 (4.12) nm; FABMS, m/z 
457 [M-H]

, 277 [M-H-Glc]

; HR-FABMS, m/z 457.1716 [M-H]

 (calcd for C21H29O11, 
457.1710); 
1
H-NMR (500 MHz, CD3OD)  1.08 (3H, s, 5′-CH3), 1.36 (3H, s, 1′-CH3), 
1.88 (1H, dd, J=11.2, 13.9 Hz, H-4′ax), 1.94 (1H, dd, J=10.0, 14.2 Hz, H-2′ax), 2.06 (1H, 
ddd, J=1.2, 7.8, 13.9 Hz, H-4′eq), 2.08 (3H, d, J=1.5 Hz, 3-CH3), 2.44 (1H, ddd, J=1.2, 
7.2, 14.2 Hz, H-2′eq), 3.12 (1H, dd, J=7.8, 9.0 Hz, H-2′′), 3.26 (1H, m, H-5′′), 3.27 (1H, 
dd, J=9.5, 9.5 Hz, H-4′′), 3.31 (1H, dd, J=9.0, 9.5 Hz, H-3′′), 3.65 (1H, dd, J=5.4, 12.0 
Hz, H-6′′a), 3.83 (1H, dd, J=2.2, 12.0 Hz, H-6′′b), 3.99 (1H, dddd, J=7.2, 7.8, 10.0, 11.2 
Hz, H-3′ax), 4.33 (1H, d, J=7.8 Hz, H-1′′), 5.81 (1H, brs, H-2), 6.43 (1H, brd, J=15.9 Hz, 
H-5), 8.01 (1H, dd, J=0.5, 15.9 Hz, H-4); 
13
C-NMR (125 MHz, CD3OD) 14.5 (5′-CH3), 
18.5 (1′-CH3), 21.1 (3-CH3), 39.4 (C-2′), 39.5 (C-4′), 53.5 (C-5′), 62.5 (C-6′′), 71.5 
(C-4′′), 73.0 (C-3′), 75.0 (C-2′′), 78.0 (C-3′′), 78.0 (C-5′′), 82.7 (C-8′), 89.7 (C-1′), 103.2 
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(C-1′′), 120.8 (C-2), 131.9 (C-5), 133.2 (C-18), 150.2 (C-3), 169.8 (C-1), 180.9 (C-6′). 
 
Compound 22 
(6S,9R)-Roseoside: colorless powder; []25D +64.9˚ (c0.46, MeOH); APCI MS, m/z 
385 [M1]; 1H-NMR (500 MHz, CD3OD)  1.02 (3H, s, H-14), 1.03 (3H, s, H-12), 1.27 
(3H, d, J=6.0 Hz, H-10) 1.91 (3H, d, J=1.0 Hz, H-13), 2.14 (1H, dd, J=1.0, 17.0 Hz, 
H-4), 2.51 (1H, dd, J=1.0, 17.0 Hz, H-4), 3.16 (1H, dd, J=8.0, 9.0 Hz, H-2′), 3.23 (2H, 
m, H-4′, 5′), 3.32 (1H, dd, J=7.0, 9.0 Hz, H-3′), 3.61 (1H, dd, J=6.0, 12.0 Hz, H-6′), 3.84 
(1H, dd, J=2.0, 12.0 Hz, H-6′), 4.33 (1H, d, J=8.0 Hz, H-1′), 4.41 (1H, ddd, J=1.0, 4.0, 
6.0 Hz, H-9), 5.83 (1H, dd, J=1.0, 16.0 Hz, H-7), 5.86 (1H, ddd, J=1.0, 1.0, 1.0 Hz, H-2), 
5.87 (1H, dd, J=4, 16 Hz, H-8); 
13
C-NMR (125 MHz, CD3OD)  19.6 (C-13), 21.2 
(C-10), 23.4 (C-12), 24.7 (C-11), 42.4 (C-5), 50.7 (C-4), 62.8 (C-6′), 71.6 (C-4′), 75.2 
(C-2′), 77.3 (C-9), 78.0 (C-5′), 78.1 (C-3′), 80.0 (C-6), 102.7 (C-1′), 127.2 (C-2), 131.5 
(C-7), 135.3 (C-8), 167.1 (C-1), 201.2 (C-19). 
 
Compound 23 
(+)-Abscisic acid: colorless solid; []25D +278.0˚ (c0.22, MeOH); APCI MS, m/z 
263 [M1]; 1H-NMR (500 MHz, CD3OD)  1.02 (3H, s, H-14), 1.06 (3H, s, H-13), 1.92 
(3H, d, J=1.0 Hz, H-15), 2.03 (3H, d, J=1.0 Hz, H-12), 2.17 (1H, d, J=17.0 Hz, H-4), 
2.53 (1H, d, J=17.0 Hz, H-4), 5.74 (1H, q, J=1.0 Hz, H-10), 5.92 (1H, q, J=1.0 Hz, H-2), 
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6.23 (1H, d, J=16.0 Hz, H-7), 7.80 (1H, d, J=16.0 Hz, H-8); 
13
C-NMR (125 MHz, 
CD3OD)  19.6 (C-15), 21.2 (C-4), 23.5 (C-14), 24.6 (C-13), 42.9 (C-5), 50.6 (C-4), 80.5 
(C-6), 119.6 (C-10), 127.6 (C-2), 129.4 (C-8), 137.9 (C-7), 151.0 (C-9), 166.5 (C-1), 
201.0 (C-3). 
 
Compound 24 
(+)--D-Glucopyranosyl abscisate: colorless viscous liquid; []20D 153.7˚ (c0.44, 
MeOH); APCI MS, m/z 425 [M1]; 1H-NMR (500 MHz, CD3OD) 1.02 (3H, s, H-13), 
1.08 (3H, s, H-14), 1.93 (3H, d, J=1.5 Hz, H-15), 2.07 (3H, d, J=1.2 Hz ,H-12), 2.19 (1H, 
d, J=16.8 Hz, H-4), 2.54 (1H, d, J=16.8 Hz, ,H-4), 3.33 (1H, dd, J=8.1, 9.0 Hz, H-2′), 
3.35 (1H, dd, J=8.9, 9.5 Hz, H-4′), 3.38 (1H, ddd, J=2.1, 4.9, 9.5 Hz, H-5′), 3.42 (1H, dd, 
J=8.9, 9.0 Hz, H-3′), 3.67 (1H, dd, J=4.9, 12.0 Hz, H-6′), 3.83 (1H, dd, J=2.1, 12.0 Hz, 
H-6′), 5.49 (1H, d, J=8.1 Hz, H-1′), 5.82 (1H, q, J=1.5 Hz, H-10), 5.93 (1H, q, J=1.2 Hz, 
H-2), 6.32 (1H, d, J=16.1 Hz, H-7), 7.81 (1H, d, J=16.1 Hz, H-8); 
13
C-NMR (125 MHz, 
CD3OD)  19.6 (C-15), 21.3 (C-12), 23.6 (C-149), 24.7 (C-13), 42.9 (C-5), 50.6 (C-4), 
62.3 (C-6′), 71.1 (C-5′), 74.0 (C-2′), 78.0 (C-3′), 78.8 (C-4′), 80.6 (C-6), 95.4 (C-1′), 
118.1 (C-10), 127.7 (C-2), 129.2 (C-8), 138.3 (C-7), 153.6 (C-9), 165.8 (C-11). 
 
Compound 25 
(+)-Pinoresinol O--D-glucopyranoside: colorless powder; []20D +6.5
o
 (c 0.20, 
 125 
MeOH); FABMS, m/z 519 [M-H]

; 
1
H-NMR (500 MHz, CD3OD) 3.12 (2H, m, H-1, 5), 
3.38 (2H, m, H-3′′′, 5′′′), 3.44 (1H, dd, J=9.0, 9.0 Hz, H-4′′′), 3.48 (1H, dd, J=7.5, 9.0 Hz, 
H-2′′′), 3.67 (1H, dd, J=4.0, 11.0 Hz, H-6′′′), 3.85 (3H, s, 3′-OCH3), 3.86 (3H, d, 
3′′-OCH3), 3.86 (3H, m, H-4, 8, 6′′′), 4.25 (2H, m, H-4, 8), 4.70 (1H, d, J=5.0 Hz, H-2ax), 
4.75 (1H, d, J=3.5 Hz, H-6ax), 4.87 (1H, d, J=7.5 Hz, H-1′′′), 6.76 (1H, d, J=8.0 Hz, 
H-5′), 6.80 (1H, d, J=2.0, 8.0 Hz, H-6′), 6.91 (1H, dd, J=2.0, 8.5 Hz, H-6′′), 6.94 (1H, d, 
J=2.0 Hz, H-2′), 7.02 (1H, d, J=3.5 Hz, H-2′′), 7.14 (1H, dd, J=1.0, 8.5 Hz, H-5′′); 
13
C-NMR (125 MHz, CD3OD)  55.3 (C-1), 55.6 (C-5), 56.4 (3′-OCH3), 56.7 (3′′-OCH3), 
62.5 (C-6′′′), 71.3 (C-4′′′), 72.7 (C-4), 72.7 (C-8), 74.9 (C-2′′′), 77.8 (C-5′′′), 78.2 (C-3′′′), 
87.1 (C-6), 87.5 (C-2), 103.0 (C-1′′′), 110.9 (C-2′), 111.6 (C-2′′), 116.1 (C-5′), 118.0 
(C-5′′), 119.8 (C-6′′), 120.0 (C-6′), 133.7 (C-1′), 137.5 (C-1′′), 147.2 (C-4′), 147.6 (C-4′′), 
149.1 (C-3′), 151.0 (C-3′′). 
 
Compound 26 
9-(-D-Glucopyranosyl)-7-(4-hydroxy-3-methoxyphenyl)-1-(3-hydroxypropyl)-3-
methoxy-(7R,8S)-dihydrobenzofuran: colorless powder; []20D +38.7
o
 (c 0.08, MeOH); 
FABMS, m/z 521 [M-H]
1
; 
1
H-NMR (500 MHz, CD3OD)  1.80 (2H, m, H-2′), 2.61 (2H, 
t, J=7.5Hz, H-1′), 3.22 (1H, dd, J=8.0, 9.0Hz, H-2′′′), 3.26-3.36 (3H, m, H-3′′′,4′′′,5′′′), 
3.55 (2H, t, J=6.5Hz, H-3′), 3.62 (1H, m, H-8), 3.65 (1H, dd, J=5.0, 12.0Hz, H-6′′′a), 
3.74 (1H, m, H-9a), 3.81 (3H, s, 3′′-OCH3), 3.84 (3H, s, 3-OCH3), 3.84 (1H, dd, J=2.0, 
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12.0Hz, H-6′′′b), 4.20 (1H, dd, J=6.0, 9.5Hz, H-9b), 4.34 (1H, d, J=8.0Hz, H-1′′′), 5.60 
(1H, d, J=6.5Hz, H-7), 6.72 (1H, brd, J=1.0Hz, H-2), 6.74 (1H, d, J=8.0Hz, H-5′′), 6.78 
(1H, brt, J=1.0Hz, H-6), 6.86 (1H, dd, J=2.0, 8.0Hz, H-6′′), 6.98 (1H, d, J=2.0Hz, H-2′′), 
13
C-NMR (125 MHz, CD3OD):  32.9 (C-1′), 35.8 (C-2′), 53.3 (C-8), 56.4 (3′′-CH3), 
56.7 (3-CH3), 62.2 (C-3′), 63.1 (C-6′′′), 71.6 (C-4′′′), 72.1 (C-9), 75.2 (C-2′′′), 78.2 (C-3′′′, 
5′′′), 89.0 (C-7), 104.6 (C-1′′′), 110.7 (C-2′′), 114.2 (C-2), 116.1 (C-5′′), 118.2 (C-6), 
119.7 (C-6′′), 129.6 (C-5), 134.8 (C-1′′), 137.0 (C-1), 145.2 (C-3), 147.0 (C-4′′), 147.2 
(C-4), 149.0 (C-3′′). 
 
Compound 27 
Hydroxymethylfurfural: dark yellow gum; APCI MS, m/z 125 [M1]; 1H-NMR 
(500 MHz, CD3OD)  4.73 (2H, s, H-7), 6.53 (1H, d, J=3.6 Hz, H-4), 7.23 (1H, d, J=3.6 
Hz, H-3), 9.61 (1H, s, H-6). 
 
Compound 28 
2-(5-Hydroxymethyl-2 ′,5 ′-dioxo-2 ′,3 ′,4 ′,5 ′-tetrahydro-1 ′H-1,3 ′-bipyrrole)-
carbaldehyde: colorless powder; []25D –89.5˚ (c 0.12, MeOH); HR-FABMS, m/z 
221.0566 [MH], calculated for 221.0563 [C10H10N2O4H]

; UV (MeOH) max  (log ), 
259 nm (3.76), 294 nm (4.06); IR max, 3427 cm
-1
 (NH ), 1718 cm
-1
 (C=O ), 1645 cm
-1
 
(C=O ); 
1
H-NMR (500 MHz, acetone-d6)  ;2.81 (1H, dd, J=7.1, 17.2 Hz, H-4), 3.18 (1H, 
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dd, J=9.3. 17.2 Hz, H-4), 4.53 (1H, brs, 7-OH). 4.73 (2H, brs, H-7), 5.79 (1H, dd, J=7.1, 
9.3 Hz, H-3′), 6.29 (1H, d, J=4.1 Hz, H-4), 7.10 (1H, d, J=4.1 Hz, H-3), 9.40 (1H, s, H-6), 
10.19 (1H, brs, 1′-NH); 13C-NMR (125 MHz, acetone-d6)  38.2 (C-4′), 56.2 (C-3′), 56.5 
(C-7), 110.7 (C-4), 126.2 (C-3), 132.9 (C-2), 145.2 (C-5), 174.9 (C-5′), 175.2 (C-2′), 
179.7 (C-6). 
 
Compound 29 
Benzyl -primeveroside: colorless needle; APCI MS, m/z 401 [M1]; []20D  
(c0.43, MeOH); 
1
H NMR (500 MHz, CD3OD)  3.18 (1H, dd, J=10.5, 11.5 Hz, H-5″), 
3.21 (1H, dd, J=7.5, 9.0 Hz, H-2″), 3.24 (1H, dd, J=7.5, 9.5 Hz, H-2′), 3.28 (1H, m, H-3″), 
3.32 (2H, m, H-3′, 4′),3.44 (1H, ddd, J=2.0, 6.0, 9.0 Hz, H-5′), 3.49 (1H, dd, J=9.0, 10.0 
Hz, H-4″), 3.75 (1H, dd, J=6.0, 11.5 Hz, H-6′),3.85 (1H, dd,5,11.5,H-5″), 4.11 (1H, dd, 
J=2.0, 11.5 Hz, H-6′), 4.35 (2H, d, J=7.5 Hz, H-1′,1″), 4.66 (1H, d, J=12.0 Hz, H-7), 4.91 
(1H, d, J=12.0 Hz, H-7), 7.26 (1H, brt, J=7.5 Hz, H-4), 7.33 (2H, brt, J=7.0 Hz, H-3,5), 
7.42 (2H, brd, J=7.5 Hz, H-2,6); 
13
C-NMR (125 MHz, CD3OD)  67.0 (C-5″), 69.8 
(C-6′), 71.2 (C-4″), 71.5 (C-4′), 72.0 (C-7), 74.9 (C-2′), 75.1 (C-2′), 77.1 (C-5′), 77.8 
(C-3″), 78.0 (C-3′), 103.4 (C-1′), 105.6 (C-1″), 128.7 (C-4), 129.3 (C-3,5), 129.3 (C-2,6), 
139.1 (C-1). 
 
Compound 30 
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Rutin: yellow powder; APCI MS, m/z 609 [M1]; 1H NMR (500 MHz, CD3OD)  
1.11 (3H, d, J=6.0 Hz, H-6′″), 3.27 (1H, dd, J=9.0, 9.0 Hz, H-4″), 3.27 (1H, dd, J=10.0, 
10.0 Hz, H-4′″), 3.30 (1H, m, H-5″), 3.38 (1H, dd, J=6.0, 12.0 Hz, H-6″), 3.40 (1H, dd, 
J=9.0, 9.0 Hz, 3″), 3.43 (1H, m, H-5′″), 3.46 (1H, dd, J=8.0, 9.0 Hz, H-2″), 3.53 (1H, dd, 
J=3.0, 10.0 Hz, H-3′″), 3.62 (1H, dd, J=3.0, 10.0 Hz, H-2′″), 3.80 (1H, dd, J=2.0, 12.0 Hz, 
H-6″), 4.51 (1H, d, J=2.0 Hz, H-1′″), 5.10 (1H, d, J=8.0 Hz, H-1″), 6.20 (1H, d, J=2.0 Hz, 
H-6), 6.39 (1H, d, J=2.0 Hz, H-8), 6.87 (1H, d, J=9.0 Hz, H-5′), 7.62 (1H, dd, J=2.0, 9.0 
Hz, H-6′), 7.66 (1H, d, J=2.0 Hz, H-2′); 13C-NMR (125 MHz, CD3OD)  17.9 (C-6′″), 
68.5 (C-6″), 69.7 (C-5′″), 71.4 (C-4″), 72.1 (C-2′″) 72.2 (C-3′″) 73.9 (C-4′″), 75.7 (C-2″), 
77.2 (C-5″) 78.2 (C-3″), 94.8 (C-8), 99.9 (C-6), 102.4 (C-1′″), 104.7 (C-14), 105.6 
(C-10), 116.0 (C-5′), 117.7 (C-2′), 123.1 (C-1′), 123.5 (C-6′), 135.6 (C-3), 145.8 (C-3′), 
149.8 (C-4′), 158.5 (C-9), 159.3 (C-2), 163.0 (C-5), 166.0 (C-7), 179.4 (C-4). 
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10.  Antioxidant assay 
(1)  Oil stability index method 
Oil stability index (OSI) was measured according to the method described in an 
earlier paper (Akoh, 1994). One mol of each sample was dissolved in 100 L of MeOH 
and added to 5 g of silicon oil that contained 10 % of methyl linoleate as lipid substrate. 
-Tocopherol and BHT were used as reference, and MeOH alone was added for blank. 
MeOH was flushed out at 90 C for 30 min with forced aeration, then the conductivity 
measurement tubes was linked to the instrument. The lipid substrate was heated with 
forced aeration, and the effluent air from the substrate going into 50 mL of distilled water 
contains volatile organic acid swept from the oxidizing oil, which increased the 
conductivity of the water. The OSI value is defined as the point of maximum change of 
the rate of oxidation by measuring the conductivity of distilled water. The OSI value of 
each sample at 90 C was measured in triplicate and the data were given as the mean 
values ± the standard deviations. 
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(2)  O2

 scavenging activity 
Four mol of each sample was separately dissolved in 20 ml of ultra pure water. 
L-Ascorbic acid was used for control. XOD and DTPA solutions were prepared with 200 
mM phosphate buffer (pH 7.8), and other solutions of chemicals were prepared with ultra 
pure water. Fifty L of 0.4 unit/mL XOD was added to the mixture of sample (50 L), 2 
mM HPX (50 L), 5.5 mM DTPA (35 L) and 9.2 M DMPO (15 L). Exactly 40 
seconds after the addition, the ESR spectrum of DMPO-O2
-
 was recorded under the 
following conditions; temperature, 20 C; magnetic field, 335.9 ± 5 mT; power, 8 mW; 
modulation, 100 kHz; field modulation width, 0.079 mT; sweep time, 2.0 min; receiver 
gain, 2.5 × 100; time constant, 0.1 sec. All analyses were carried out in triplicate, and the 
scavenging ratios of O2
- 
at 50 M were calculated as the mean values ± the standard 
deviations. 
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(3)  Ferric thiocyanate method 
Antioxidant activity against linoleic acid oxidation was evaluated by the ferric 
thiocyanate method according to a previous study (Kikuzaki and Nakatani, 1993) with 
slight modification. In an amber vial ( = 35, h = 80 mm), 2 mg of each compound was 
dissolved in 2 mL of water and added with 2 mL of ethanol, 2 mL of 2.51% linoleic acid 
in ethanol, and 4 mL of phosphate buffer (pH 7.0). After sealing with screw cap, the vial 
was placed in an oven at 40 C in the dark for 7 weeks. Every week, 0.1 mL of sample 
solution was added to 9.7 mL of 75% ethanol and 0.1 mL of 30% ammonium thiocyanate, 
and precisely 3 min after addition of 0.1 mL of 0.02 M ferrous chloride in 3.5% 
hydrochlolic acid, the absorbance of the developed color was measured at 500 nm on a 
spectrophotometer. The measurement was carried out in triplicate and the data were 
expressed as the mean values  the standard deviations. 
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(4)  Oxygen radical absorbance capacity 
Oxygen radical absorbance capacity (ORAC) was measured according to a method 
described in an earlier paper (Cao et al., 1995). This assay is based on the principle that 
antioxidant compounds delay the decrease of -phycoerythrin fluorescence induced by 
AAPH, a peroxyl radical generator.  
The test mixture was prepared with 170 L of 19.6 nM -phycoerythrin in 75 mM 
phosphate buffer, pH 7.0, and 10 L of sample in 75 mM phosphate buffer or acetone at 
20M for pure compounds or 20 g/mL for crude extract, in microwell plate (96/well, 
black, Corning Coaster Co., Cambridge, MA). Phosphate buffer alone was used as a 
blank and 50  400  Trolox was used as a control. After 30 min of incubation at 37 °C, 
20 L of 300 mM AAPH solution was added to the mixture to initiate the assay and the 
fluorescence of each well was read every 2 min over a 70 min period at 37 °C. The area 
under the fluorescence curve was calculated and the ORAC value of each sample was 
expressed as 1 unit for 1 mol equivalent of Trolox. Each sample was measured in 
triplicate and the data were determined as the mean values ± the standard deviations. The 
ORAC values were measured using an Arvo 1420sx microplate reader at an excitation 
wavelength of 530 nm and emission wavelength of 570 nm. 
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SUMMARY 
I.   The functional components in prunes such as CQA isomers and quinic acid were 
quantified by means of improved HPLC analysis. It has become apparent that 
prunes contain relatively high amounts of 4-CQA than other fruits and it was 
characteristic. In addition, the content of quinic acid in prunes was about 10 times 
higher than the values in earlier papers. 
 
II.   The contribution of CQA isomers to antioxidant activity of ethanol extract of 
prunes on the basis of ORAC was revealed to be 28.4%; hence, it was speculated 
that residual ORAC is dependent on unknown antioxidant compounds. Furthermore, 
hydrolysis of extract residue led to show higher levels of the total phenolics and 
ORAC than those of ethanol extract, and these results suggested that prunes contain 
conjugated antioxidant components. 
 
III.   Isolation and structural elucidation of prune constituents were done, and total 
thirty compounds were identified. Four abscisic acid related compounds, a 
chromanon, and a bipyrrole were novel compounds, and five hydroxycinnamic acids, 
three benzoic acids, three abscisic acid related compounds, two coumarins, and two 
lignans were isolated from prunes (Prunus domestica L.) for the first time. In 
addition, stereochemistry of two conformational isomers of 3-O-caffeoylquinic acid 
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was also clarified. 
 
IV.   Antioxidant activities of isolated compounds were evaluated on the basis of OSI 
method, O2

 scavenging activity, ferric thiocyanate method, and ORAC. The CQA 
isomers such as 3-, 4-, or 5-CQA showed similar antioxidant activity, on the other 
hand, the activity of a conformational isomer of 3-CQA (alternative-chair form) was 
smaller than those of other two conformers (chair and skewed boat form). 
Concerning other isolated compounds, phenolic compounds such as rutin, 
scopoletin, caffeic acid and its methyl ester, 3- or 4-CQA methyl ester, 
protocatechuic acid, vanillic acid, and 9-(-D-glucopyranosyl)-7-(4-hydroxy- 
3-methoxyphenyl)-1-(3-hydroxypropyl)-3-methoxy-(7R,8S)-dihydrobenzofuran 
showed high antioxidant activity on the basis of the ORAC. In addition, a novel 
chromanon showed a remarkable synergistic effect on ORAC of CQA isomers. 
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